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FOREWORD

THE PAPERS PRESENTED AT THE NINETEENTH AwAL CONFERENCE
ofF THE MILITARY TESTING ASSCCIATION CAME FROM THE
BUSINESS, EDUCATIONAL, AND MILITARY COMMUNITIES, BOTH
FOREIGN AND DOMESTIC, THE PAPERS REFLECT THE OPINIONS
OF THEIR AUTHORS ONLY AND ARE NOT TO BE CONSTRUED AS THE
OFFICIAL POLICY OF ANY INSTITUTION, GOVERNMENT, OR ARMED-
SERVICE BRANCH,
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Introductory Rumarks

Col James A. Turner
USAF Occupational Measureseant Center

CGocd morning. Welcome tc San Antonio, one of America'’s four unique

cities, home of the Air Force Human Resources lLaboratory, the Occupational
Measuramant Center, and Alamo Chapter USAF. It is our pleasure to extend

a welcowe to our keynote speaker, General Emanuel, and to our distinguished
sorvice representatives of the Canadian, Australian, and German Forces

and the U.S. Army, Navy, Coast Guard, and Air Force. On behalf of all

the staff of the Human Resources Lad, who led the way; the Occupational
Measurement Center, who helped; and particularly from Col Dan G. Pulgham,
Cowmander of AFHRL (vho had to be in Washington today), I give you all
gruetings and welcome. We hope you enjoy your stay here in San Antonio.

We open this conference at a time when there is considerable hue and cry
and controveray ovsr testing, particularly intelligence testing, and the
use of scores in cducatfonal placement. It 1s appropriate for us to take
a frequent lock at what we do with testing and the fairness of the instru-
2ents we use, Our {uterest cannot be limited to testing alone since
building good tests goes well beyond just the construction of fair and
equitable examinations. We must krov the taska, the skilliy, the knowledges
required {f the individial s to perform natisfactorily. Once we know
these things, then one can proceed with how to train the {ndividual, and
wve can determine the srcas which are most realistically tested to measure
the parnon's prosotion or other potential. In short, testiag is &« major
component in development and ssintenance of the Afr Force Personnel System.

Our guent of honor has had a good deal to do with the AF system and is well
qualified to keynote this 19th MTA conference. General Herbert L. Emanuel,
USAF, {8 Deputy o the Assistant Deputy Chief of Staff, Personnel for
Hilitary Personne), and Vice Commander of the Ailr Force Military Personnel
Canter at Randolph Afir Force Base, Texas. He has a Baccalaureate in
Communicative Artn, a Master’'s Degree in Persmonnel Management, and is a
praduste of the Armed Forces Staff College and the Industrial College of
the Armed Forces. General Emanuel entered the Alr Force as & 2nd Lt via
the ROTC program in May 1952 and served three successive assignments as &
rersonne)l officer. After many enriching and broadening assignments world-
wide, including a stint as an Information Officer, Director of Cadet
Activities at the Air Porce Academy, and a tour in Vietnam, he vas assigned
to HQ USAF as a Pursonnel Planner. He was involved in the initial publica-
tion of the USAF Fersonnel Plan and development of the AF Personnel
Management by Objectives System, which still guides Air FPorce personnel
activities, After completing the Industrfal College of the Arwed Foress,
he retutned to the Headquarters. As Deputy Director of Personnel for Plans
and Policy, he was instrumental in the design and implementation of many
inttiatives calculated to foster morals and force discipline {n the sustere
personne) environment of the 197C's. He assumed his present position in
March 1976, It is with great pleasure I {ntroduce to you General Herbd Emanuel.




FUTURE TRENDS IN MILITARY PERSONNEL
TESTING: SOME SPECULATIONS

BY

BRIG GEN H. L. EMANUEL
AIR FORCE MILITARY PERSONNEL CENTER

Distinguished Guests, Testing Researchers, Testing
Practitioners, Personnel Managers, Members of the Mili-
tary Testing Association.

It is certainly a pleasure and a privilege to spaak
to you today. I was particularly pleased to learn that
your membership includes representatives from the Canadian
Armed Forces and The Royal Australian Air Force, irn addi-
tion to representatives from the US military services,
academia, and the business world. The important work
which you do should certainly be enhanced by the spirit
of international cooperation which you enjoy.

Within the military, we are confronted with the same
personnel problems as any other organization, whether
large or amall, pudblic or private--that of shaping and
adapting available human resources into useful and effec-
tive manpower. The very multiplicity of skills required
by the militdry poses problems in personnel, training,
and manpower vcilization which are unprecedented. Per-
sonnel requirements change rapidly and on a large scale,
and are dependent to a large extent upen technological
advances and the international political situation.

Obviousiy, military personncel management is a highly
complex affair. As you know, t0 cope with these complex-
ities requires crsative and innovative personnel research--
research which addresgses all aspects of the personnel
life cycle: Sclection, classification, training, perform-
ance appralsal, promotion, and organizational development.
All of these involve test instiruments of some kind. Such
topics are of areat inte-est to us in the personnel manage-
ment business--an interest engendered from two basic
sources. First, we are users of your product. Our effec-
tiveness as perczonnel maragers hinges on the successful
application of techniques and procedures developed from
past pergsonnel research. Second, we are sponsors of your
regsearch. In that role, we serve az the liaison agency
between you and military functional managers ocutside the
personnel community-~encouraging, expiaining, and extolling
the virtues of rescarch and its applications.
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Thus, we have a very close¢ and empethetic relation-
ship with personnel research scientists. We depend on
you for timely and efficient solutions to management
problems as well as for input into the formulation of
personinel policy. You, in turn, depend on us as sort of
public relations experts who insure your various efforts
are understood and appreciated not only across the mili-
tary rank and file, but at the highest echelons of service
and defense management as well,

Now, to the subject at hand. At the 1973 MTA Confer-
ence, General John W. Roberts, then Air Porce Deputy Chief
of Staff for Perscnnel, proposed soveral refinements needed
if future military personnel tests were to make significant
contributions in the improvement of military personnel
management. Those suggestions were subsequently adopted
as objectives/standards for the development of future Air
Force testing. Let me summarize them for you:

First, teats of the future should focus more on the
individual--on his unique talents and desires,

Second, tests should maximize the opportunity for
choice--both by the individual and by his employer.

Third--as a function of the first two-~tests should
provide broader profiles of ianformation.

Since the 1973 Conference, we have continued our
efforts to streamline our personnel management techniques
to make more effective use of our available human talent.
These efforts have incluied new and more sophisticated
ways tc assess the aptitudes and attitudes of our people.
Since this is the first time the Air Porce has hosted the
MTA since 1973, Lt now seems particularly appropriate to
report on some of our ongoing testing projects and see how
well they mect the standarde established at that time, 1In
so0 doing, I believe that trends for future testing will
begin to emerge.

Computerized Adaptive Testing

Computerizeu ‘laptive Testing represents the first
real potential breakthrougn in the personnel testing area
in the last 25 years. Although the most noticeable change
in the new method of testing is the fact that the test is
administered by computer, the ecsential difference between
this method and paper-and-pencil tests ia that each examinee
will answer a special set of test questions “tailored" to

his/her ability. Adaptive testing is a way of allowing
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those tasted to answer only those questions that are
suited tc their individual ability. This contrasts with
conventional group testing procedures which require many
people to spend time on questions that are either too easy
or difficult for them.

Computerized adaptive taesting can have major henefits,
both in efficiency and test quality. A test can be taken
at any time; no examiner time or special scheduling is
needed. The examination time will be shorter; severa)
abilities can be tested in the time it now takes for one.
And, because examinees cannot be sure which questions will
be asked, it retards, if not eliminates, the problem of
test compromise,

Alr Force research in this area is directed toward
possible application at the 66 nation-wide armed forces
examining and entrance stations (AFEES). The Air Force
Human Resources Laboratory (AFHRL) has already prepared
a prototype demonstration model which is currently on-line
at the 3an Antonio AFEES. (In fact, this prototype is
available here at the conference should you care to see
it.) in addition to providing personnel managers with a
lock at what computerized testing is all about, it is
enabling AFHRL to gain first hand knowledge of APEES
requiremants vis-a-vis computer arrays so that future
hardware may bo more appropriately human engineered.

Obviously. before computers can be used to test
applicants for military service, the cost of procuring
computer systeme, display terminals, and related tech-
nology will have to be aubstantially reduced. Yet, we
know that this is the enlistment testing of the future,

30 we have started planning for it now. In that regard,

a ioint service working group on R&D applications of com-
puter technology to military personnel acquisitions has
been formed to oversee and coordinate work in each of the
services. In addition to R&D, implementation poses unique
legistical/managerial problems which need to be addressed.
The U.S. Civil Service Commission has set up a task force
to consider those kinds of issues. We trust they wili
share their axperiences with us. In any event, it behooves
us to look at all aapects of testing by computer so when
the "Science” i{s finaliy ready, so is "Management.”

Prediction of Motivational Attritions

The high rate of involuntary attrition that occurs
ancng military personnel is the subject of growing concern
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at all levels of the Department of Defenue (DOD). The
Defense Manpower Commigsion in a recent report has noted

; that DOD incurs an annual cost of approximately one

. billion dollars because one out of every four DOD acces-
sions is involuntarily separated prior to completion of
the first term of enlistment. A great percentage of
those discharged are identified by the training centers
in the early stages of the enlistee's basic or recruit
training. Each of the services operates a program designed
to identify as early as possible those who will ultimately
fail to adapt to the military service and to separate them
administratively.

The use of the early discharge programs as a screen-
ing device is both inefficient and costly, comparad to
screening programs operated at the point of entry, prior
to enlistment. Thus, one solution to the problem is to
increase the effectiveness of the pre-enlistment selection
system so as to better predict the probability of an
indiv.dual's successful adaptation to the military life.

One effort to solve this problem which is currently
ongoing is the Motivational Attrition Prediction (MAP)
model. This new approach applies the maximum likelihood
estimation technique which we believe will achieve better
differentiation betwoen potential failures and successes.

The model was initially tested at the United States
Alr Force Academy. To evaluate the method in an opera-~
tional setting, i.¢., as a screening device, a predic-
tion equation was developed using the Class of 1977
and applied a priori to the Class of 1979, Within six
months, 49% of the predicted failures had resigned.

Because results of the Air Force Academy study
were so promising, the mwodel was next tested using 15,000
1972 Air Force enlistees to predict their first term
involuntary attrition. After estimating and applying a
new predition equation, 57% of the group predicted to
fail had been involuntarily discharged prior to com-
pieting their enlistment.

Such success with the MAP model has prompted still
further research into its utility as a pre-enlistment
screening tool. Beginning in May 1977, a comprehensive
joint service validation study was initiated. Data,
including aptitudinal and biographical information, were
collected on move than 70,000 applicants for all military
services. Predicted attritions based on the equation

5
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derived from the 1972 Air Force sample will first be com-
pared against actual service attritions to evaluate the
accuracy of the model. Refinement of that equation, as
well as development of ones specific for each service,
will also be accomplished as the attrition data further
matures,

If the MAP model works as well operationally as
it did experimentally with the 1972 Air Force recruits,
all services car. benefit. The higher retention caused
by selecting recruits more likely to complete their
first enlistment would save not only in training costs
but would also enhance recruiting.

Literacy and the Measurement of Reading

Recently, the General Accounting Office (GAO) has
submitted a report on illiteracy in the military services
to the Secretary of Defanse and recommended, among other
things, that DOD have the services establish an overall
minimum reading level required for enlistment and deter-
mine the reading grade level required for each military
occupation. In addition, the Congress has become con-
cerned about the problem of the services' attempting to
correct educational deficiencies of enlistees after they
enter active duty. Congress has suggested that perhaps
a more efficient approach would be for potential eniistees
with educational weaknesses to receive basic skills
training prior to enlistment. Accordingly, the Secre-
taries of Health, Education and Welfare; and Lator, in
coordination with the Secretary of Defense, have been
requested to develop such a basic skills program., Of
course, one aspect of this type of education would be
remedial rsading.

Clearly, the next step in attacking the literacy
problem is to include reading comprehension as one cf
our criteria for enlistment eligibility. Currently,
we have no direct measure of reading ability--only an
approximation derived from our aptitude battery. As a
result, individuals with literacy problems are not
identificd untlil after they esprerience academic or job
performance difficulties. Obviously, both the Congress
and GCAO believe something should be done to alleviate
this service-wide situation.

As a first step, we are developing our own reading
test; if it proves valid and equitable for all groups,
we plan to consider its use as 2 screening device to
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select out individuals who have inadequats reading skills.
Moreovar, since GAO has recommended such an approach for
DOD implementation, there is the very real possibility
that a reading test may be incorporated as part of ASVAB
at some future date. Then, as we sain experience in
determining the literacy reaquivements of military
occupations, we could also attempt to match the reading
skills of personnel (as measured by the reading test)

to the reading demands of our jobs.

This discussion of testing initiatives within the
Air Force is by no means a full and comprehensive ona.
Other efforts which merit attention, such as development
and validation of vocational interest measures, pre-
enlistment aptitude tusts, non-verbal aptitude tasts,
and pecceptual/psychomotor devices, were omitted., How-
ever, my purpose in selecting those mentioned was to
present them as illustrations of current attempts to
improve our testing programs,

when I began this morning, I promised to desrcribe
some of our ongoing testing projects and to see how
well they met the Air Force objectives for future mil-
itary tests. So far, I have fulfilled the first part
of that promise; now, let me turn to the second. By
way of brief review, the objectives menticned earlier
indicate that future tests should (a) focus on the
talents and desires of the individual, (b) help maxi-
mize the opportunity for both employer and employee
choice, and (c) as a function of the first two, provide
broader profilas of individuals.

Well, computerized adaptive testing and literacy
assessment certainly focus on the talents of individ-
uals., A computerized test will bring additional pre-
cision to the testing situation while the reading test
will assess a previous untapped skill. In addition,
the vocational interest test and the perceptual/psycho-
motor devices also support this objective,

Under the second criterion, maximizing employee/
employer choice, it seems that all the previously dis-
cussed testing techniques qualify. Improved motivational
attrition prediction will allow ug to screen out more
of those individuals who can't make a successful adjust-
ment to service life. In addition, reading assessment
will permit individuals to enter occupations for which
they posgsess adequate literacy skills., Then too, voca-
tional interest measurement will give examinees the

7




Rl 3

opportunity to discover those jcbs with which they will
most likely be satisfied. So, it seems that both the
individual and the Air Force will be happier with the
addition of these types of tests to the personnel test
inventory.

L n o s e ety b

Finally, by virtue of satisfying the first two
objectives, the third one alsc seems fulfilled. Cer-
tainley, more and more information about individuals
will be added into the personnel selection and place-~
ment process. Thus, when evaluated against our stan-
dards for future tests, it would appear that we are
moving in the right direction.

In conclusion, I hope I have conveyed my enthu-
siasm for the future of military personnel testing.
Today, we in personnel maragement are facing problems
we have never seen before. We have new kinds of people
with differing education levels, skills, values, ambi-
tions, and life styles that we must consider and make
part of the military family. To do this requires
constantly pushing the testing state-of-the-art. We
must move away from the aptitude measurement-only type
of testing and toward a broader assessment of other
relevant dimensions of human behavior. Obviously, to
perfect such new testing techniques wou't be easy. It's
good to be present at this conference and to know there
are the kinds of poople represented here who are dedi-
cated to solving this problem.

One final comment now, if I may. As you conduct
your deliberations this week, I hope you will reflect
on and take pride in what the past has accomplished.
However, the challenge I would impart to you this
morning is to think ahead and take all possible actions
to maximize the contributions of military testing to
the personnel management of the future.

Thank you very much.
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THE DEVELOPMENT OF A PERFORMANCE APPRALISAL SYSTEM
FOR THE U,S. COAST Gi

Edwin T. Cornelfus 111l
Milton D. Hakel
The Chio State University

Joseph J. Cowan
Headguarters, United Statex Ccast Guard

What 1 would like to do in the next forty-five minutes ins shire
with you some of the unique aspects of a year-long study to develop an
improved performance evaluation system for enlisted personnel in the
United States Coast Cuard. Since the project invoived developing an
improved performance cvaluation system, I would like to take some time
at the beginning of the talk to briefly describe the existing enlisted
performance evaluation system in the Coast Guard.

All enlisted personnel are rated twice a year. Regardless of type
of job rating or level of responuibility (rank), all personnel are
cvaluated on the sume rating form. Three attribates of individuals
are evaluated: Proficiency, leadership, and Conduct. As Figure 1
illustrates, the existing systes suffers from the usual performance
rating probleme inherent in a large bureaucracy, First, there is an
overall inflation of wmarks in the syatem, The averagc rating score
using Lhe enlisted form {s supposed to be 3.3, {.¢., {f an individual
is porforming {n a capable and dependable fashion, and is the type of
pe.son the Coast Guard will promote on schedula, he {s supposed to be
rated 3.3, As Figure 1 {llustrates, the average evaluation is far
higher than 3.3,

A second conclusion obtained frow Figure 1 is the dramatic grade
effects. That s, £7's on the average are rated higher than Eb's,
and Eb's {n turn are rated higher than ES's, etc. This {s true in
spite of specific directions in the existing systesm for raters to
evaluate fodividuals in comparison with others vith the same renk and
length of service. In theory at least, the average performing E9
should be rated with the same value (3.3) as the average performing
EJ.

A third observation is the redundancy of information in the current
system. As you can see from Figure | the pattern of scores frr Leader-
ship and Proficiency are fdentical. In fact, the Pearson correlation
for these data are v = .90, Of course this means that if you know an
fndividual's score on the Leadership variable, you can almost perfectly
predict his score for Proficiency and vice-versa. Since there 18 no

Ipaper presented at the ‘9th Annual Military Testiny Asscciation
Coaference, San Antonio, October 18, 1977.
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variance {n the Conduct scores, essentially one piece of information
about an individual is captured and communicated using the present
system,

Table 1 illustrates the effect that the operating characteristics
of the present system have had on administrative uses for data of this
sort. Ome use of performance appraisal data in the Coast Guard {s as
an aid in making prowmotion decisions. Components of the promotion
system inciude sccres on a paper and pencil cxam, superviscey ratings
obtained through the current performance evaluation system, length of
tine in the service, time in grade, and wedals and avards. As you can
see b looking at this table, the effect of inflation of marks coupled
with the large between-grade variance relative to the within grade
variance has had the effect of deteriorating the contribution of perfor-
wance evaluation data by a factor of 50 percent, Promotions in the
oaat Cuard today are chic(ly decermined by scores on the peper and
pencil tests and Length of time in service. The contribution of actual
performsnce on the job as evaluated by supervisors is minimal.
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This 18 the backdrop agatnst which our project started one year
agvo. A lot has trenspired {n that year, and I obviously can't give
you 81l vhe detatls of the preject in the time allotted to me this
moming., Instead, 1 would like to share with you some of the aspects
of this project that we {ind different and exciting. These are
characteristics of the preject that we think represent something

unusual efther phileosophilcally or methodologically for studies of
this sort.

1. Philoaophy of the Project

We have had the philosophy from the very deginning that the develop-
ment of a technically perfect rating fustrumen: by ftself would not
lead to good performance appraisal data for the Coast Guard. Despite
the fact that you develop a technically sound {astrument based on
careful job analysis, and despite the fact that it has high user
acceptability and fs administratively simple to operate, you can atill
fail at thig business. You can fuil because whiat counte most in
obtaining good performance appraisal information has very little to
do directly with the forsat and psychumeiric chacacteriatics of the
rating Ilnstrument., What counts mout {8 the motivation of the raters
in the system to rate accurately. In this regard. an important task
during the last year has been to develop a raver teedback system that
can be used to duild trust in the operating charac:eristics of the
aarking system,

During the course of this project we spent many hours discussing
performance appraisal prublems with raters while conducting technical
conferences at field locations., A comson sentiment (xpreased by
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participants in all these meetings was the sincere desire to rate
subordinates fairly and accurately. Tine officers and Chief Petty
Officers that we talked to seemcd Lo understand the need for accurate
performance data for manpower planning and developmeat purposes. The
reason these raters rate leniently has nothing to do with the dynamics
of having to face their men on a day in and day «ut basis, or any of
the several other explanations for lenient ratings proposed by Bass,
Glickman, Kipnis and others through the yesars. The reason these i
raters rate lenlently is that they don't trust the system. "I'm
willing to rate accurately, but I don't trust the other raters in the
system to do the same.”" In this regard 1 discovered at one conference
an elaborate informal system used to compare marks in an effort to
provide informal guidelines for determining the depree of fntlation to
be used in evaluating subordinates.
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There {8 no reason that an approved formal system can't provide
raters with data regarding the distributions of evaluation marks in
the aystem, All the raters we talked to agreed that if they were
told how cther raters in the Coast Guard were rating, and if the
othera were using the system properly, they would no longer rate
lentently. There was almost unanimous suppert for a rater feedback
systoem,

Regardless of the type of {oras that were developed then, a
requirement for this project vas to develop a feedback systea to
major commands and to {udividual raters in the field in order to
maintain trust and openness in the performance appraisal system.

Y, Job Analysis Approach

The sccond aspect of this project that I would like to talk
about i3 the approach that e used to study the cenlisted jobm in the
Coast Guard., When we started thls project one of our most difffcult
problems was to determine the number of appraisal forma that should
be developed. We were posed with the problem of having almost 30
different job ratings and 9 Jdif{ferent ranks to study. A major
activity was to determine how the different jobs aud ranks could be
collapsed into major groupings for which separate appraisal Instruments
rould be deveioped. Once this decinion was made, our task was to
develop prototype forms that were user-acceptable, techaically excellent,
and casy to administer. In addizion, the whole system had to be f
printed on the froant and back of a riagle page. And, oh yes, all this ‘
was ¢ be accomplished within a 10-month framework.

You can sece that an immedfate problem was how to quickly cellect
job analysis information from a vuriety of different jobs, The usual
philosophy for studying jobs in the military has been the task-oriented
philosophy advocated through the years by Morsh, (hristal, Driskall
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and nthers {n the Alr Force. However, task siatements were only
available on roughly half the enlisted jobs in the Coast Guard., We,
therefore, Jecided zo adopt a different type of job analysis philosophy:
the worker-orientes philosophy advocated by McCormick and his associates
over the years at Pyrdue University,

As you know, thi weiker-oriented approach swecks to describe jobs
in terws of a limited nusber of universal job clesments that focus on
the pesteralized human behaviors required for work rather than work
activitie. specific to an individuai job., We thought this particularly
nhilosophy was well suited o mswer the question of how to quickly
coapare the large numoesn 0of jobs and ranks in the Coast Guard., OCur
decisfon, then, was to develop a single worker oriented questionnaire
specifically for the Coast Guard that could be mailed to representatives
of all the different job ratings and ranks of enlisted personnel.

As a starting point in this endcavor we borrowed hezvily fron the
mast famous (and only) worker oriented questionnaire: the Position
Analysis Questionnafre, developed by McCormick under another government
contrast. We made several changes {n the PAQ to adapt it for Coast
Guard use, Flrst, we deleted {tems that were not at all appropriate
to the military setting. Of those {tems thet we did keep, we changed
the wording and the examples to fit more clearly the Coast Guard
setting. A major effort {nvolved reducing the reading level of the
PAQ.  Previous resecarch with the PAQ had shown that it required a
post college graduate reading level. This i{s fine for trained job
analysts, but would not do in a4 mass mail-out to cnlisted personnel
in the Coast Guard where the average education level was at the 12th
grade level or below. In this regard we were successful in reducing
the reading level from the 17th grude level to the 10th grade level,

as measured by a computer program for that purpose that we have at
Uhfo State.

Another significant change involved eliminating the variety of
different responsce scale formats used on the PAQ We converted ali
jtems so that they could be evaluated by the Relative Time Spent scale
used 4n the Alr Force and other milfitary services. A final revision
wvas to add some fifty ftems that we called "leadership process ftems.”
In our studvy of the PAQ we found that as a job analysis instrumert f{t
was particularly deficfent in the area of differentiating among higher
level leadership processes., Qur source for these additional supervisory-

type items was verb lists from previous task analyses performed in the
Coast Guard,

We finally ended uo with a 12-page, 153~element booklet that was
majiled to some J000 Coast Guard enlisted personnel. The szample was
equally represented by members in all job ratings and grades. Incidentally,
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we got a 64 percent return rate at our cutoff point. Our final
sample consinted of responses from 2 023 {ndividuals.

3. Statistical Mcthodology for Analyzing the Job Analysis Data

let me now deseribe the data base that the returned questionnaires
provided us, First of all, the data formed a three~dimensional cube,
vne facet of the cube had 15] levels representing the 153 different
worker-oricnted job elements on our questionnaire, A second facet of
the cube containzd 23 levels representing the 23 job ratings in the
Coast Guard for which sufficient numbers of persons existed to be
{ncluded in the statistical analyses. The last facet of the cube
contafned 9 levels representing the nine different ranks in the Coast
Guard, Each cell of this three~dimensional matrix represented a
unfque combination of job rating, rank, and job olement, and contained
from 15-35 observations, depending upon the return rate for that cell,
Mean relative time spent values were computed across all observations

in cach cell to produce a {inal 153 x 23 x 9 data matrix containing
mcan values,

The major data analysis question facing us was how to analyze
sizsultancously all facets of this cube and come up with practical
suggestions for the aumber of forms that should b2 developed for Coast
Guatd use. In this regard, Tucker's three-wode factor analysis s
uniquely designed to analyze data of this sort, Three-mode factor
analysis procceda in two stages. During the first stage a soparate
tactor analysts {x computed on the scparate modes ol the data (in
our case¢: job clements, job ratings, and ranks). In the second
stage & core matrix {s created that interrelates factors from the
varfous modes of the data,

To {llustrate the kinds of meaningful output that this procedure
gave us, [ have included the results of the job grade factor analysis
in Table 2. As you can see there were two factors that were extracted
and rotated. E4's and E5's had principal loadings on Factor 1, E7’s
£8's, and L9's had principal loadings on Factur I1, and E6's had
loadfings on both Factor 1 aad Factor 11, JIn general, this told us
that i{n temms of relative time spent on these worker criented {tcems,
(hief Fetty Otff{cers roughly had the same pattern of responses.
Likowize, 84's and £5's could be characterized as similar, E6's,
hovever, were found to be similar teo both groups. That {s, some of
the processes E6's have to exhibit on the job are similar to Fetty
Officecrs and some are similar to Chief Petty Officers.

The analysis of the remaining two modes produced equally interpretable
rasults., For example, the factor anaiysis of the job rating wode fudicated
that theve were {ive factors: one representing the varlous electronics
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ratings, one representinog the aviation ratings, one representing
the deck/wateh ratings (¢.g., boatswain's mate), one representing
the engineering ratings, and a final factor made up of service-type
ratings such a8 musician, photojournalist, and hospital corpsman.

An {nspection of the core matrix provided the final suggestion
as to which groups of job ratings and ranks could be combined, From
the entries in the core matrix we concluded that regardless of which
job rating they came from, the responses for Chief Petty Officers
were sinilar enough that they formed a group by themselves. Likewise,
ve found that there were five identif{iable groups of Petty Officers,
ene for cach of the five factors that 1 described to you,

These results lead us to recommend to the Coast Guard that they
implement a performance appraisal systes that contains seven forms,
One forw for Chief Petty Officers, five {orma for the different types
of Petty Officerm, and one form for the non-rated personnel (Seamun,
Afrmen, and Firesen in the Bl - EJ ranks), We feel that a system of
sevan forms wouid be maximally aensitive to the different types of
work and levels of responsibility tnherent in the enlisted personnel
population of the Coast Guard,

We took these suggestions with ue to the technical tonferences
1o the f(ield and cssentially teccived support from ratars {or a system
of this sort. The wvhole process stil]l amazes wmel! We ntarted out
vith worker orfented job elemeints, analyzed them with & very complex
muitivariate statist{cal technique, and ended up with suggestions that
vere practical and acceptable to people fau the {{eld,

4. Emphasis on User Acceptance

Another {mportant aspect of this project has been our heavy
emphasis on developing a syster with high user credibility and

acceptability. Lant spring we held aeveral formal technical conferences

with represcntatives from six different groups for which thase forms
ware being deveioved. These mectings lasted one day each ar  were
held ut Coverror's lsland la Mow York hatbor and at Elizabet. City,
North Carolins. These scessicus were characterized by group exercises,
structured questionnaires, and open-ended discuosions.

As an {llustration of how we used suggestions from the fleléd to
shape the final forma" of these rating inatrumeats, | would like to
show you the response scale that we have fncluded fn the fina)
proposed veraions of the evaluation i{nstruments (see Tabie 3). A
you can see, we decided on a response scale with five categories,

As an aside, you are probably aware of the controversy in the
Literature regarding the number of discriminations that humans con
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reliably make when rating the performance of others. In terms of

the optisum number of scale points, the most often cited recommendation
is seven, probably based on Millev's 1956 paper on {nformation processing
capacitien of humans. However, some researchers have argued that the
motre points thw more reliablo the data, and others have argued that the
wore scale points the less reiiable the cata, 1ln reviewing the liter-
ature in this area, we were persuaded by a monte cario study by Lissitz
and Green at the University of feorgia. These rescarchers demonstrated
that, in geaeral, the more points on thu responte scale the wmors
reiiable the data, However, the level of the curve heyond five points
was auch that no practical Increase in reliabilicy can be achieved
beyond five points on a scaie.

Tuerefore, whon we went to the field sessions last spring our
bias was {ive points, However, our mock-up for these sessions contained
a response format with eight rusponse categorfes. To our surprise, we
found an overwheliming preference for a rating scale with four or five
pofuts rvather than one witic a larger number of points as in our mock-up.
All raters in the {i{=ld sald that they could confidently identify the
eatreme outlayers (outstanding performers and unsatisfactory performers).
In addition, moxt ratecs waid that of those that were left they could
probably rellabily make distinctions apong three groupa of personnel,
roughly corresponding to average, above average, and bolow average
perforsance.

We tried to get some consensus aboul how to label these five
caregorics, but found it difffcult, Lveryone agrecd to the labels
"outstanding” and "unsatisfactory” for the two extreme rating categories
on eigher end of the scale. lowever, there was no strong indication of
how to label the three categorics fn the middle of the scale in a way
that would convey the same meaning to all ratera in the fleld, 1t was
finally suggested that regardless of vhat the middle three categories
wvere labeled, the most helpful information would be an indication of
the suggested digtribution of ratees that should fall in these middle
cateporics, A6 you can see in Table J all three boxes are simply
laheled "good,” and the values 10X1-70%-102 have been included on the

inal format., Raters in the fteld felt that the values 10-70-10 would
interpret and give meaning to what was meant by the three levels of
"goeid” performance. These vajuea (10-79-10), {ncidentally, reflect to a
preat extent wiat the racers in the fleld folt the actual distribution
of talent fn the Coant Guard was., That {s, woat raters believed that
the gverwhelatng mijority of enlisted personnel {n thw Coast Cuare were
dotng & good, capable job, 1In addicion, thesze raters felt that a such
swalier percentage of Congl Cuard personnel performed a litije betler
and a little worse than this majority. And, finally, an extresely
swall percentage (51) were either ocutstausing or unsat{sfactary
perfovevry,
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Bacistions abodt othey characteristics of the final evalustion
forms were also made duving these {ield conferences. The final
seven forms in the system, for exampie, each have two major blocks
ot rating frems!  thosce measuring persuvnsl qualities (e.g., Depend-
ability, lnitiative) and those measuring performance of duties.
The 1{ut of personul qualities to be rated are constant across all
forma., That is, we el that the personal attributes important for
success 48 g Petty Officer Boatswain's Mate are the same as the personal
attributes necessary for a Petty Officer Radioman, However, the perfor-
mance of duties {tems were for the most part unique to each form, These
frems were delected from the three-mode factor analysis output and
tended to be ftems that had bigh relative time spert rasings and at
the dame time wore laportant §n diffetentiating amoag the groups,

The number and definitionn of the personal qualities changed
somewhat as a reselt of the f{eld conferences, For exaaple, the
raters told us that they would find {t difficult to differentiate
betwoen the trafts Motivation and Initiative. Therefore, on the
tinal fom we combined the two fnto a single definition under the
traft lndctative, An dnvarfable request from the ficld settings was
to include the trait "Military Bearing” in the final if{st of attributes
to be ratvd., Likewise, we discovered that a nusber of the performance
of duties ftems taken from the Job inventory with good scatistical
propertics were not pprticularly meaningful to raters fn the field
and wrre, thevefore, deleted.,

One thing that [ think was unique apout our approach is that we
took thede suggeations werfously. 1 know that there {8 a lot in the
advice-gpiving literature {n performance apprafsal to suggest that
you should avold using personal traits on evaluation forms, particularly
trafte such a8 Military Bearing. tHowever, one of our prime interests
was in the attitudes of raters {n the fleld., We felt that before you
catt expect ratecs to glve you good data you must have an instrument
that has credibility wiid in acceptable and meaningful to the people
who Jare gelug to use them, (Horcover, on a more technical level, the
sugpestion by RKavanaugh that the evidence i{s not yet in on the
superiority of behavior ratings versus tralt ratlogs is due soms
consideration).

5. Experimental Test Period

The final aspect of this project that 1 think is important to
tviate to you is the commuitment on the zait of the Coast Guard for an
experimental tryout of the proposed forws before they are implemented
system-wide., The purpose of the field tryout will be to investigate
the paychometric characteristics and the psychological rcactions of
the proposed systee under "live" conditions. We will try to find out

16

A A 5

Bt N s




AVt gl L L

o
g £

9

vhether or not the new system with seven forms can improve upon the
exfsting syatew that 1 described at the beginning of this calk., As
part of the current project, ther, we have proposed an experimental
design whereby the various aspects of the proposed system can be
tested and evaluated.

Conclusions, Before I leave you this morning 1'd like to comment
on how we Jhink this new appraisal system vill solve some of the ills
of the existing system that | outlined 45 minutes ago. First of all,
we hope that prade effects {1 the marking system will be reduced
simply by the fact that high ranking NCO's will now be evaluated on
& separate form than lower ranking NCO's. We think this will make it
more palatable for raters fn the {ield to rate an E7 or an E8 au
average, in comparison with other E?'s or E8's {n the Coast Guard.
Secondly, we think that the tendency of raters to rate leniently will
be reduced on a form that dramatizes the fact that 90 percent of the
personnel should be rated fo the middle three blocks on the forw,

If the fecdback system works and raters begin rating average perfor-
mance in the average block, ve should ger the kind of discrimination

fo the systenm that {s nceded in order to {denti{fy only the outstanding
candidates for promotion. With respect to redundancy of {nformation,

we don't kid ourselves about the fact that we will get high correlations
among the many diffcrent ftemys on the form, However, by breasking down
complex concepts such as Leaderahip and Proficlency we offer the rater
the posaibility to rate diffeentially within a single ratae, rather
than te rate on the basis of an overall global evaluation., All these
fdeas, of courne, will be tesnted in the experimental phase,

- g oo A i BB R B R TR

In summary, we have developed a promotion system {or enlisted
personnel that contains a raier feedback and monitoring component
for a collection of seven separate evaluation foras., The unique
aspectsa of this project that we have talked about this morning are
1) the philosophy regardiag the most {mportant determinant (rater
mativarion) of offective performance appratsal data, 2) the worker-
orfented (nventory that ve developed, 3) the statistical methodology
that we used to simultansously analyze the three modas of the worker-
orfented job analysis data, 4) the emphasis we have had on the

fmportance of user acceptance, and 3) the ficld exper{mental tryout
of the proposed systom,

17
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Table 1

2SI

Actual Contributions of Factors for Advancesent

&
% in Rate During March 1976 ¥3-E8& Servicewide
! 4 Conmpetition for Advancement®
: £
; ¥
4 § Percent Contribution
, g:«
5 % Factur Intended Actual
¥
; i Examination Score 44 40
P Performance Evaluatiors 28 15
g
3 Time {a Scervice 11 38
: Time in Pargrade 11 6
% Hedals and Awards 6 1
&
X ATaken froe J. F, Stumpff and R, D, Chavalier, An Analyss
A and Prepesal §er Revesaon of the Ceast Guard Enfqsted
| Pexgesmuce tvalutloen System,  Thesis submitted to tne
Naval Post Graduate School, Monterey, Californfa, December,
1970,
}
3
E
5
5
3 18
1
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3 Table 2

§ Varimax Rotated Eigeonvectors for the

: Two-Dimensional Approximation of

4 the Crade Mode Varisace

Vectors

: Grade 1 11

t

i E-4 .74 -.11

i E-5 .39 .06
L‘:"b . 30 . 35
E=7 .01 b4
E8/E9 -.09 .67
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Table 3

Response Categories on the Final Rating Form

RLSPONSE CATEGORIZS

Not Unsatis- Out~ ‘
Observed factory fiood standing :
__,_.., U r
P |
;__._..,i !,W_..I * i ! !_....___
5% 108 707 10X 5%
20
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Notes on the Feasibility of Predicting
Fighter Pilot Effectivaness!

€. W, Youngling, S. H. Levine,
J. B. Mocharnuk and L. M. Weston
presented by J. B. Mocharnuk

McDonnell Douglas Astronautics Company - St. Louis
P.0. Box 516, St. Louis, Missouri 63166

ABSTRACT

History has demonstrated that there is a pressing need for improved
selection and training of fighter pilots. In World War II, only one of
twenty pilots became an ace. The U.S. Air Force kill ratio in Southeast
Asia was approximately 2.5 to ). In contrast, the Israelis claim to have
a kill ratioc of 60 to 1.

Our feasibility study has focused upon enhancing cur record of air-
to-air combat kills through more stringent and comprehensive selection
procedures  Evidence is presented which demonstrates that a program can
be developed to select pilots who will be effective in air-to-air combat.

From reviews of U.S. and foreign selection research dating from
World War [l to the present and an assessment of pilot opinion from
hundreds of aces, 45 factors were identified as potential predictors of
fighter pilot combat effectiveness. Of thesaz 45 factors, only 10 are
adequately evaluated within current military selection programs upon
entrance into pilot training. Assessment of the remaining 35 untapped
factors {s within our technclogical reach. In fact, many of these
factors can be assessed by tests which are presently available.

We developed an Air Combat Effectiveness Study (ACES) program which
would establish selection test measures for virtually all of the factors
identified as underlying fighter pilot combat effectiveness. As part of
the ACES program, selection test measures would be validated against
performance in afr combat maneuvering ranyes, thereby providing a method
for selecting fighter pilots during peacatime. We have emphasized
selection for success in the operational environment rather than success
tn training.

Armed with these selection test scores and an effectively executed
validation program, researchers should, for the first time in history,
be able to specify a definitive profile of the ace fighter pilot.

1This paper is based upon ARPA (Defense Advanced Research Projects
Agency) Contract No. MDA-9-3-76-C-0169, “Feasibility Study to Predict
Combat Effectiveness for Selected Military Roles: Fighter Pilot
Effectiveness” ty E. W. Youngling, S. H. Levine, J. 3. Mocharnuk, and
L. M. Weston, dated 29 April 1977, MDC Report £1634,
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Notes or the Feasibility of Predicting
Fighter Pilot Effectiveness

Fighter pilot combat effectiveness was selected for investigation
for several reasons. Top level DoD concern with combat effectiveness
is always present and the Defense Advanced Research Projects Agency was
interested in the importance of manning high cost weapons systems. In
those systems, the cost of developing and implementing nroper selection
and training programs should be guite small relative to the total weapons
system cost. Because the McDonnell Douglas Corporation is intimately
concerned with fighter aircraft systems effectiveness, the fighter pilot
role was of special interest to us. Also, recently developed combat
maneuvering ranges weire considered, with simulators, as potential tools
for use in selection as well as training. Cowmplementing these interests,

the history of air combat has demonstrated that a need for improved pilot
selection and training exists.

In World War Il we sent many pilots to war; some survived their
early combat engagements, became skilied at their craft, and went on to
become aces - but they were the exception. According to official Eighth
Air Force records of approximately 500M fighter piiots who flew against
the Germans during 1943 - 1945, relativeiy few became aces. Only 261
(about 5.2 percent) achieved this goal. However, this small 3roup of
men were responsible for 4G percent of the total 5284.5 German planes
destroyed by the Eighth Air Force fighter piloats during that period;
thus, 5 percent claimed 40 percent of the “ills {Eighth Air Force, 1945).

In the Korean War, once again it was found that a small percentage
of Afr Force pilots were obtaining most of the kills. Here again, the
largest qroup of pilots recorded no kills (53.5 percent) while a small
group of 38 pilots (4.8 percent) hecame aces. Importantly, each of the
F-86 pilots had at least 25 counterair missions and, therafore, presum-
ably, a fair chance for a kill (Torrance, Rush, Kohn, and Doughty, 1957).
Clearly, the aces, a small group, make an overwhelming contributfon to
eir-to-air kill records and air supremacy. We must find & way toc augment
our record of afr-to-eir kills, especially since we wil! prohably be atle
to field only a relatively small number of fighter pilots in future wars.

Fighter pilots have recommended that the way to improve air-to-air
perfarmance s to select a mar according to more rigid standards, give
him specialized training, and keep him in the cockpit. We feel that it

is prudent to sericusly consider the recommencations of the fighter
pgilot community.
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Much of the present study is concerned with the issue of finding a
better way to select men for the fighter pilot role. We have emphasized
air-to-air combat. The development of a selection program of this nature
requires several discrete operations - a job analysis of the fighter
pilot task, the generation of testable trait hypotheses, the development
of predictor variables, validation, and cross validatiocn. In this study,
an extensive and comprehensive job analysis was performed, hvputheses
vrre established, and programs were outlined for execution of the remain-
ing operations. We conclude that a program can be instituted which could
select men at entry into the military who would prove to be effactive
air-to-air piiots. For validation purposes, these pilots can demonstrate
their effectiveness, during peacetime, in air combat maneuvering range
engagements. High quality intermediate criteria can be developed in this
type of facility. Furthermore, we beiieve it is possible to seicct
pilots who have the motivational charscteristics of those who wiil fight
effectively in actual combat.

Figure 1 contains a portrayal of the classes of informatinn evaluated,
the resultant profile of the combat effective, ard the ACES program. The
principal work elements of this study focused on the identification of
those critical characteristics and skills which are thought to charactar-
ize the combat effective pilot. In all, five major sources of information |
were ysed to generate the integrated profile of the combat effective pilot
shown in Figure 1. This orofile is bused on our comprehensive and system- '
atic review of World War 11, Korean, and Southeast Asian corflict informa-
tion and deals with the scientific studies of combat aviation and combat
infantry fo> those wars. The U.S. Military Aviation Selection research
from World war 11 to the precent time was reviewed. This literature,
which focuses upon characteristics and critical skills whicn predict
success in flight training, has been used as a source of hypothesis
generation because, by implication, these facturs should be related to
combat effectiveness. We also reviewcd the German and Japanese World Wsr
I1 aviation selection research programs as well as the current Israeli
program. QOur final source of informaticn came from 373 gquestiionnaires
which were returned 1o us by Tighter pilots. Significantly, 280 of thece
raturns were either from ace avistors or aviators with MI6 kills in
Southeast Asfa. The fighter pilot organizations were surveyed and their
response rates are reflected in Fiqure 2.

Using tne data and inputs from the five sources of {iformation, we
generated the inteqrated prcfile of the conbat effective tighter piiot
which is shown in the accompanying tigure. Ia all, some 45 factors dis-
tributed amung 12 major domains (see Fegure 1) can be reasonabiy hypothe
sized to be of predictive value ir identifying the corhat effective air-
to-air fighter pilot. £&s an exdmple, of (he 45 facters which can
legitimately be supposed to under!ic air-to-eir fignter pilot combat
affectiveness, 35 of them are not adequately tested for by the U.S. Air
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PILOT O ZA SENT|BACK| *
AMERICAN FIGHTER ACES ASSOCIATION M | 27| @
NAVY MIG KILLERS ASSOCIATION Q| 2! R

RED RIVER VALLEY FIGHTER PILOTS ASSOCIATION| 99 | &1 | &

NATIONAL GUARD PILOTS 0| 13| B
ACEVAL — AIMVAL NAVY PILOTS 121 21190
ACEVAL — 2IMVAL AIR FORCE PILOTS e 6 | 100 2
AGGRESSOR SQUADRON AT NELLIS 12 12|16
TOTAL 7% | | B

|

FIGURE 2 PILOT ORGANIZATION AND RcSPOMSES

Force in their entry selection program. Since the methodology either
exists or is within our technological qrasp for testing the bulk of these
hypothesized predictor variables, we believe that a prima facie case has
been made for the overall feasibility of such 3 research nrogram.

In the lower right hand portion of Figure ! is au outline of the
ACES selection test program which would test for the 33 factors listed
within the fiqure. The kypothesized predictur varidbles are grouped
according to the class of testing device which smerged as most appropri-
ate in our analysis of cost-effectiveness and practicality. We roncept-
valize a selection test proyram as having similarities with the current
loraeli program, although probabiy more comprehensive. Such a selection
tes: program could best be conducted at a single site, snd candidates
would be testad during an estimated seven tc ten day period.

The next step in the ACES program, after the implementation of the
combat effective pilot selection test battery, is the peacetime valida-
tion phase (afr combat manguvering range performance assessment program).
The yse of success in pilot training as a criterion for pilot selection

26
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has proven unsatisfactory as a means of identifying the combat effective
pilot. While successfully completing pilot training is a necessary condi-
tion for becoming a pilot, it is not a sufficient conditian for becoming
combat effective. A performance criterion having a stronger relationship
to combat success is needed to properly validate the test battery. Evi-
dence that tests which predict success in training also predict success

in the operational environment has not been found. FiQure 3 shows corre-
lations between thres predictors and two criteria, passing advanced flight
training and the number of combat kills. Although the data are from

CRITERIA

PASS-FAIL | COMBAT KILLS |

. ;

(7] 8. 00 |
& [PILOT STANINE e 1218 i
g DIAL & TABLE READING A0 ~17/.43
W
X ISPATIAL ORIENTATION 24/.38 08/.18

FAGURE 3 TRAINING CRITERIA VERSUS OPERATIONAL CRITERIA  *

different studies, upon inspection they suggest that we. 3t least, care-
fully evaluate the utility of using only training criteria fos validating
our selection instruments.

Once this phase of the peacetime program is completed, the pilot's
combhat effectiveness scores would be correlated with the ACES selection
test oronaram ccorns, and the determination made concerning the predictive
power of the ACES selection test program, If, upon analysis, adequate
correlations exfist between some of the candidate pilot's selection test
scores and his performance during dissimilar air combat testing, then
there will exist, during peacetime, a way of selecting pilots who will
perform adequately in a necassary condition for combat success. Com-
hined with appropriately small selection ratics, the probability of
selecting combat effective pilots will be greatly enhanced.

Finally, we have prepared an ACES combat contingency validation plan,
for ultimately, should the situation eventuate, one could relate the
pilot's scores in both the ACES selection test program and the ACES pilot
air combat maneuvering range performance asses.ment program with perform-
ance in actual combat. The combat contingency validatior. plan includes

27
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a specification of the combat data required to make 3 quantitative assess-
ment of the combat effectiveness of individual pilots, uncontaminated by
such issues as opportunity. We have used the Strawbridge and Kahn (1955)
study of ccmbat eifectiveness in the air war in Korea as a model for
developing the data requirements for a scientific and rigorous combat

data collection program. Critical combat daia requirements fdentified by
those authors include missions, sighting. as leaders, firings, and
weighted kills,

While the overali ACES program s ambitfous, 1t i3, in our opinion,
quite feasible cnd is potentially a very high payoff program. The nature
and size of the ef’>rt requirad to accomplish this job {5 such that it
will clearly rcisire high level endorsement and sponsorship.

The ACES combat contingeacy validation program which we have sketched
out here is clearly provisional. ilowever, {t does supply a usable depar-
ture point for a more carefully contrived plan. Air Force efforts, both
in World War 1] and, particularly the Korean conflict, were well conceived
and executed. Indeed, they form a large basis of what we can say fectu-
ally about the factors contributing to air combat effectiveness. However,
the researchers, through no real fault of their own, had only very limited
relevant information on the pilots prior to their entry into combat.

If the ACES program recoumended in this report is implemented,
research sciertists will be armed with selection test scores for virtually
all of the dimensions presumed to underlie fighter pilot combat effective-
ness. Armed with these fest scores and an effectively executed combat
data acquisition validation program, the military aviation research com-
munity should be able to select those persons who are most likely to be
combat successful fighter pilots.
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%; initial Development of the Organlizational Assessment Package

S

3 ¢ William H. Hendrix
é Alr force Human Resources Laboratory
% Brooks Air Force Base, Texas
INTRODUCTION

%

¢

{

: Organizatiunal effectivenoss {s an urea of vital concern to the
£

i Air Force. it is an area that can not only result in financial loss

but loss of hunan resources. Most Alr Force personnel can recall persons!
experiences where they have witnessed organizaticns which were obviously

inefficient financially as well as having aorale and productivity probleas.,

P o 1o N ey

The problem addressed ir this paper is how does one effectively model
organizational effectiveness and, in turn, measure it., Toward that end,
; s Three Component Organizational Effectiveness Mode! s presented and
tne data collection instrument package which is based on the model is
described. The instrurent package is entitled the Organizational Assess-

ment Package (OAP).

BACKGROUND

The Organizational Assessment Pachage (0AP) is being deveioped for
use by the Air force's Leadership and Hanagement Development Center (LMOC)

Maxwe !l AFB, Alabama, The objectives of LMDC include: (a) providing

: consultative sarvices to Al Force commanders, (b) provide Leadership
and Management training to Air Forcs personne! in their work envirowment,

and {c) perform research in support of (s} and (b) above. The consuliative
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role involves organizational problem area identification and recommenda-
tions for reducing cr eliminating probiems identified. The OAP is being
designed to meet LMDC's objectives., First, the OAP will provide # means
of Identifying existing strengths and weaknesses within organizations.
Second, research results can be fed back into their Professional Mijitary
Education, other leadership and management training courses, Alr Staff,
and functional 0fficas of Primary Respcnsibility (OPR's). Lastly,

the OAP data base astablished can be used for research to strengthen

the overall Air Force.

HREE CORFONIRY DROGAMIZATIONAL EFFECTIVENESS MODEL

The Thiex Component Qrganizational Effectiveness Hodel' (c.f. Filgure 1)
was primarily reported by Hendrix (1976), and considered (rqunizational
Effectiveness (E) to be a function of: the criterion selected (c);
the mgnagerial style employed (m); and the situational environment (s},
which includes the manager's subordinates, pesrs, and other personnel

in the environment. That is: £ = f(c,m,s).
ORGANI ZAT IONAL ASSESSMENT PACXAGE

The Organizational Assessment Package (0OAP) is designed to measure

the basic components of the Three Component Organizational Effectiveness

Model. As can be noted in Figure 1, the Supervisory Job Inventory (SJI})

'In Hendriz (1976) the model was initially entitled the Three Component

\loadership Effectiveness Model and has since been expanded to focus
on the entire organization,
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is designed to measure managerial style (m), while the situational environ-
ment (s) is measured by two sections of the 0AP, the Bz ‘kground Information
vection and the Organizational Job Inventory (CJl). The criterla are
satisfaction, organizational climate, and perceived productivity. These

are measured by the sections entitled; Job Satisfaction Questionnaire

(JsQ), Organizational Climase Inventory (0C1), and Percelved Productivity
index (FPI). Hard data when avallable will be collected separately and

merged with the OAP data base.

OAP FACTORS

Items within each of the JAP sectlions have been written to measure

certain factors. The Background Information section contains biograchical

information items and items associated with factors in the situational
environment. The factors In the situational environment which the items
attempt to measure incluce: (a) organizational level of work group, (b)
work group type, (c} work group size, (d) group member maturity, (e)
Organization's geographic rejlon, (f) extert to which work group meetings
are used to establish goals, (g) extent of communication between work group
members, and (h) stability of work hours. In addition, the situational
environment is in part measured by the Uryanizationai Job Inventory (0J1),
The factors Included in the 0JI are based, In the main, on the job enrich-
ment mode! proposed by Hackman, Oldham, Jansen, and Purdy (1975}, They
proposed five basic factors which they called {ore Job Dimensions, Those

were: (a) skill variety, (b) task ldentity, (c) task significance,
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(d) autonomy, and (e) feedback from the job. These fuctors are to be measured

e SRS R AR

by the OJ1 plus one additional work related factor which is labeled Work

interference. This factor deals with the extent and adequacy of: (a)

additional dutles, (b) equipment and supplies, and (c) provided work space.
in the criterion aresa, organizations! climate Is measured by the

drganizational Climate Inventory which Includes the factors of: (a)

Communications, (b) general organizationa! conditions, (c) employee

concern, (d) employee commitment, ({e) decision making, and (f) recognition.

Another criterion area is that of Job satisfaction which s measured

by the Job Satisfaction Questionnaire (JSQ). This questionnaire contalns

30 items whicn are descriptions of 30 factors out of 35 factors isolated
by Gould (1975) in an unpublished study. The methodology and items used
to isolate the factors can be found in Tuttle, Gould and Hazel (1975).
The 30 factors are listed in Table 1.
The last criterion is percelved productivity and is measured by & items

contained within the Perceived Productivity Index section., The items measure

perceived productivity in terms of tne work group's: (a) quantity of work
output, (b) quality of work output, (c) performance when high priority
work arises, and {d) whethar flow of work to or frowm the work group is impaired.

The Suparvisory Job Inventory (SJi) consists of 81 items relating to

supervisory behavior, Once an adequate sample has been obtained these items
will be factor analyzed and the resulting factors will be used to depict

differing managerial behaviors. i

PROTRESS

A small scale study (n = Vi) was conducicd at Lackland Air Force Base
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during May 1977. One purpose of the study was to collect critique informa-
tion on the OAP in order to improve it. In addition, the data served to
provide an initial base line in terms of means and standard deviation for
each item on the OAP. An intercorrelation matrix consisting of the OAP

item variables plus a series of compound variahles generated from the
original variables, was used to: (a) delete items which did not intercorrelate
well with the stated factors, and (b) establish simple correlational
relationships between variables in the situational environment and managerial
area with criteria items, The OAP previously described is the result of
revisions based on data collected from the Lackland study. The major
modification was the deletion of tha Job Diagnostic Survey (JDS) {(Mackman,
et al, 1975) from the instrument package, with the 0J! being used instead

to establish the job enrichment variable values. The reason fo, deleting
the JDS instead of the CJ! was to reduce the totsl pages in the OaP

(i.e. the JDS is approximately 7 pages and the OJ! is 2 pages) and to

have the format of the instrument the same as that of the other instruments
within the OAP. The J0S is an cxcellent instrument and if the 0J! indicates
a job enrichment problem exists within an organization, then a more

thorough examination could be accomplished using the JDS. Table 2 lists

the intercorrelations between the job enrichment factors on the JDS

with their counterpart on the 0JI., Table 3 presents the intercorrelation

of selected criterion items with the situational variables of: (a) a total
score across items on the 0J! (0J! Total), (b) the Motivation Potential
Score (MPS} and Growth Need Score (GNS) as defined by Hackman et al, (1975),
{c) the Need for Enrichment Index (NEI!) which is derived for the 0J! and

is the total score of all items indizating a need for enrichment, and (d)
the Job Motivation Index (JMl) which is computed with the same fcraula as

the 08§,
33
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RISCUSSION

The OAP is designed to provide indicators of the manager's behavior,
the situational environment and criteria of orgunizational effectiveness.
Should problem areas be identified then a more detailed investigation will
be performed by on site consultation teams. Once validated the VAP
should provide a means for: (a) identifying organizational strengths and
weaknesses, (b) establishing appropriate managerial! behavior in different
situations with different criteria of success, and (c) identifying and

resolving functional, career field, or systematic Air Force problems.
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TABLE |

JOB SATISFACTION QUESTIONNAIRE FACTOR (TEMS

Add{®ional Duties

Lquipacnt and Supplies

Information on Policies and Procedures
Feeling of Helpfulness

Control of Others (Non-Supervisory)
(haracteristice of the Loca) Area

Work Space

Soclal Contact (Other than Co-workers)
Co-Worker Relationships

Family Attitude Toward Job
Independence in Work Procedures
Jop-Ansaciated Training

Job Hazards

Moral Acceptability of Job
Self-lmprovement Opportunitics

Social Coutact Opportunitics

Physirzal Activity

Verbal and Writcen Communication

Superviso: Responsibilities

-

Temperature of Work Environment
Leave Policler,

Work Itself

Work Scheduie

Job Securfty

Safety Progruas

Travel

Acquirch Valuabie Skiils

Base Facilities

Brae Vousing and Eating FPacilities

Temporary Duty (TDY) Costs and Conditiona

37




g TG  RR N RO el e e e

——— v

TABLE 2

(ORRELATIONS OF JOB ENRICHMENT FACTORS ON
THE DS WITH THOSE ON THE O]

FACTOR CORRELATION COEFFICIENT

pe—

Skill Varfetyv .60

Task ldent{fy .60

Task significance 4

Autonody

Jobh Feedhsok Y
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TABLE 3
SITUATIONAL ENVIRONMENT VARIABLE PREDICTCRS OF CRITERIA
CRITERIA
a I8
Work Satisfaction Perceived Productivity Climate,
Sttuational Variable 1 2 3 4 1 2
Il Toral .52 260 .41 30 -.12 26 22
LH N .6 2109 32 -0 26 .22
f
s e L0 01% 16 .10 L& 22
XK1 A Jdoeo 19 16 -.04 J8 16
S 56 A2 A4 32 -017 36 .25

T ————_ ¢ ———— TN, BT S S g e W WA S e ek e s i St i 0 S S pn I

2
Perceeived Productivity

1= duantity of Kork Output

<= Onaliry of Work Output
I = Perfomance when high prissity: work arises
4 =~ Ftiloletey o vork flow from and (o work gproup,

H.
“limate

Al
1 = vou are prond of organization

4

= vou feel responcible for vour orgavization

ot e [——
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QUALITY OF LIFE IN ThE U. S, AIR FORCE:
1977 vs. 1975

Charles W. McNichols
T. Roger Manley
Michaei J. Stahl

Air Force Institute of Techrology

In 1975 the authors reported on the development and initial application
of a nine factor model describing the Quality of Air Force Life (QOAFL).?
Initially, the model was constructed to provide a theoretical framework for
the Air Force Management Improvement Group's (AFMIG'S) surveys of Air Force
military members, civilian employees, spouses of military memhers, and base
commandars. It has since been used as the unifying theme for an Air force
wide survey of all commanders and in a2 second survey of Air Force military
memders, resulting in a total data base which includes over 50,000 responses.
Data obtained from the most recent military survey effort, performed in the
spring of 1977, offers an opportunity to evxamine the model for stability and
to look at a longitudinal comparison of Quality of Air Force Life perceptions.

These issuvs will be explored in this paper, along with some more detailed
comparisons within the 1977 sample.

THE QOAFL MODEL

The nire dimensions hypothesized as encompassing the scope of the
Quality of Air Force life are listed anc defined in Figure 1. In epplication,
each factor is presented tc a survey respondent along with its definition and
a pair of seven point scaies to be used in reporting degree of impartance
and satistaction associated with the factor. In the Air Force Quality of
Life surveys, each of the nine factors was followed by a sequence of more
detailea survey items related to the factor.

In the earlier (1975) surveys, an impurtance scale with seven responses
ranging from "Low !mportance™ to "High Importance" was usad. Most responses
tended to ¢luster toward the “High Importance” end of this scale. While this
result reinforced the authors' bhelief thet factors of major importance had
been chgsen, the importance ccaie was not very useful for discrimination
cetposes Therafarz, ip the 1977 survey of military personnel, the scale was
(nanged to range from "Moderate Importance” in "Very High Importance" as
stowen in Figure 2. The rescaling resuited in the hoped for intreased variance
1. tne impuriance responses, but prohibits meaningful comparison with the
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4 earlier reported importance levels. For this reasen, analysis in the

% remainder of the paper is based only on the satisfaction respenses for each
: of the nine dimensions.

Figure 1

QOAFL FACTORS

ECONOMIC STANDARD: Satisfaction of basic human needs such as

tood, shelter, clothing; the ability to maintain an
acceptable standard of living,

ECONOMIC SECURITY: Guaranteed employment; retirement benefits;
insurance; protection for self and family.

FREE TIME: Amount, use, and scheduling of free time alone or

T Tn voluntary associations with others; variety of
activities engaged in.

WORK: Doing work that is personally meaningful and important;

pride in your work; jub satisfaction; recognition for my
efforts and my accormplishments on the job.

LEADERSHIP/SUPERVISION: Has my interests and that of the Air

Force at heart, keeps me informed; approachable and
helpful rather than critical; good knowledge of the job.

EQUITY: Equal opportunity in the Air Force; a fair chance at
promotion; an even break in my job/assignment selections.

PERSOMAL GROWTH: To be able to develop individual capacities;

education/training. making full use of my abtlities; the
chance to further my potential.

PERSCNAL STANDING: To be treated with respect; pre<tige;
gignity. reputation; status.

HEALTH: Physical and mental well-being of self and dependents;

having illnesses and ailments detected, diagnosed, treated

and cured; quality and quantity of health care services
provided.

i o h £ e ———
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Figure 2

QUESTIONNAIRE EXAMPLE: FREE TIME

Please rate the degree of importance of free time to you and your
degree of satisfaction with it based on the following description:

FREE TIME: Amount, use, and scheduling of free time alone, or in

voluntary associations with others; variety of activities
engaged in.

What degree of importance do you attach to the above?

A..... B..... C..... D..... E..... Fournn 6
Moderate High Very High
Importance Importance [mportance

To what degree are you satisfied with the FREE TIME aspects
of your life?

A..... 8..... C..... D..... E..... | 2 G
Highly Highly
Dissatisfied Neutral Satisfied

ANALYSIS

In this section of the paper the nine factor QUAFL model will be @xamined
from a factor stanility standpoint, mean satisfaction levels reported in the
1975 and 1977 surveys will be compared, and some of the differences in QOAFL
satisfaction levels for varfous subsets of the population responding to the
1977 survey of Air Force military personnel will he reported.

Mode! Stability

Although shifts in mean satisfaction levels are to be expected over time,
the model will be most useful for longitudinal research purposes if the
corrgiation structure of the nine factors is found to be relatively stable.

To test the model for this factor stabflity, principal component analysis
results for the 1975° and 1977 surveys were compared. Table 1 summarizes

the two analyses. In both cases, two strong factors can be fdentified,
explaining slightly over 50 percent of the total variance. The factor loadings
after varimax rotation suggest similar factor interpretations derived from the
' o sets of Jdata: a general measure of satisfaction with the work situation

+, tre first factor, and a measure of satisfaction with ecenomic aspects of
fe as un Air Force member as the second.

42




e e T «ywwm%%ﬁ

TABLE |
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Principal Comporent Analysis: 1975 Military Survey i = 10,996

Cum ¥ of Factor Loadings After Rotation
Factor Eigenvalue Variance Dimension Factor 1 Factor 2
1 3.60 40.0 Ecoriomic Standard .16 A7
2 1.04 51.5 Economic Security 0 .82
3 .81 60.6 free Time 38 .41
4 A7 69.1 Work 7 A0
5 .65 76.3 Leadership A g4
6 .62 831 Equity .54 .38
7 .56 89.4 Personal Growth .13 .26
8 51 95.0 Personal Standing .73 .26
9 45 100.0 Fealth .25 47
Principal Crmponent Analysis: 1977 Military Survey N = 10,687
Cum 5 of Factor Loadings After Rotation
Factor Eigenvalue Variance Dimension Factor 1 Factor 2
1 3.50 38.9 Economic Standard 15 .80
2 1.05 50.6 Ecoromic Security 32 .82
3 .83 59.8 Froa Time .50 .20
4 .80 68.7 Work 12 15
5 .66 76.1 Leadership i 0
6 .64 83.2 Equity .54 .38
7 .56 89.4 Personal Growth N .28
8 .49 93.9 Personal Standing N .25
9 .46 100.0 Health .3 .45

Comparison of 1975 and 1977 Satisfaction Levels

Although the correlation structure of the QOAFL satisfaction scores did
not change significantly between 1975 and 1977, there were scme shifts in
means for particular factors. In Figure 3 a profile diagram has been used to
illustrate the directinn and relative magnitude of these shifts. The diagram
represents the mean scores for the overall sets of respondents to the two
surveys for each of the nine factors. As can be seen from this diagram, the
largest shifts in satisfaction levels occurred in the Economic Standard,
tquity, and Economic Security dimensions, and were in the direction of higher
dissatisfaction. All other shifts were small in magnitude, with slightly
higher rmean satisfaction reported with Leedership/Supervision, Personal
Standiag, Free Time, and Health asperts of respon-ents' lives, and slightly
lower —¢an satisfaction reported with the ¥ork, and Personal Growth factors.
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Figure 3

Comparison of Mean QUAFL Satisfaction Levels Reported in 1975 and 1977
MEAN QOAFL SATISFACTIONM

Discatisfied Heutral Satisfied
Economic Stindard B ¢ D 1 F

\ N
Economic Security \7

Free Time

Hork

Equity

/P(
|
,X

Leadership { -+
/\

\

\‘
\

Personal Growth

Personai Standing

— .

\

Health \

1975 = = = - 1977 e

Differences Among Subsets of 1977 Respondents

In Figure 4 1977 mean satisfaction scores for officer and enlisted
personnel have been plotted on the profile diagrams. Officer personnel report
significantly higher satisfaction with tcoromic Standard, Work, Personal Growth
and Standing than enlisted respondents, but mean satisfaction scores on 3l
other factors are quite similar for *he two groups.

As a final example of comparative QOAFL satisfaction levels, the mean
scores reported in the 1977 survey by first term Aiv Force personnel have
beer plotted for ea’h level of career intent reported in the same survey.
The subset of the 1577 sample, in this case, represents all entisted and non-
rated officer responcents with less than four years service, and rated officers
with less than six years service (because of the longer service obligation for

flight training, ratea personnel with under six years service were considered
first termers].
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FIGURE 4

Comparison of Mean QUAFL Satisfaction Levels for AF Officer and Enlisted
Persornel, 1977

Dissaticfied teutral Satisfied

fEconomic Standard B ¢ < 0 £ F.
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tconomic Security

Free Time

Hork

Leadership

tquity

Personal Growth

Ferspnal Standing

Health N

fnlisted = = = - Officer memeemm
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Figure 5 indicates that, while higher levels of career intent are associ-
ated with higher levels of satisfaction for all nine factors, Work and Econemic
Standard aprear to be the most powerful discriminators of career intent level.

FIGURE 5

QOAFL Profiles for First Term AF Personnel by Reported Career Intent in 1977

Discatisfied c Heutral Satisfied

Economic Standard B 0 : F-
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‘Pefinitely do not intend to make the AF a career
‘Most likely will not make the Air Force a career
"Undecided

*"ast likely willmake the Air Force a career
‘Petinitely intend to make the Al a3 career
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DISCUSSION

The nine factor Air force Quality of Life model has now been used in six
major Air Force surveys performed over 2 two year period. While there have
been some changes in mean satisfaction levels for the rine factors during
this interval, the basic correlation structure of the model appears virtually
unchanged. Use of the 1975 satisfaction data as a baseline, and continued
; use of the mode! as a framework for Air Force opinion and attitude surveys
seems Jjustified.

NOTES

1. Manley, T. R., R. A. Gregory, and C. W. McNichols, Quality of Life in tha
U.S. Air Force, Proceedings, 1975 Military Testing Association Conterence,
Indianapolis, Indiana, Sept. 1975.

2. Mchichols, C. W., T. R. Manley and R. A. Gregory, Measuring the Quality
of Life of Air Force Personnel, Proceedings, 1976 Psychology in the Air
Force Symposium, USAF Academy, Colorado, 3-10 April 1978.

R s

TN TS

47

L




vy

24
. ,,-gmmﬁ&m%
43

e

Measuring The Quality of Navy Life

by

Richard J. Orend, Robert N. Gaines,
Kenneth W, Stroad und Marsha J. Michaels

INTRODUCTION

Ultimately, the military's interest in the quality of life reduces to two
basic questions: (1) will improving the quality of life bring increased
reenlistment rates and, by extension, greater enlistment interest, and
{2) how is improvement in the quality of military life related to the on-
the-job productivity of military personnel? If it can be shown that
significant improvements will occur in these areas as a result of
changer in the perceived quality of military life, then extensive re-
search offorts will have been vindicated. If, however, the results of
these efforts are simply nice to know information and "intevesting"
correlations, the resources spent on this research might he put to
more {ruitful uses. Of course, the eventual achievement of goals as
ambitious as increasing reenlistment rates and productivity requires
the cooperation of both researchers and policy makers, since the
findings of any research efforts must be translated into concrete
policies and implemented in real environments, Thus, rescarchers
must operate within the constraints of feasible rolicies and policy
makera must be willin to experiment and modify some traditional
ideas and procedures if useful results are to be forthcoming.

Our purpose here is to examine efforts to develop the first stages of
this process, namely, the measurement of the quality of military life.
There are two diztinct elements to this development, conceptual and
methodological. Previous cfforts to develop qualit of life measures
in the military have suffered because they generally ignored the con-
ceptual aspects of the development process., The most important
implications of this omission are the failure tc trcat all aspects of the
quality of life which might be relevant to reenlistment decisions and
productivity and the absence of a means to evaluate the lists which
were developed. Essentally, there was no basis to judge, a priori,
the inclusion of particular elements of life quality and there was no
structure to scrve as a heuristic by which additional variables or
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dimensions could be evaluated. Thisled to instruments which ex-
cluded a large number of potentiality useful variables and to the mea-

surement of what were presumably similar concepts with rather
divergent indicators.

Another conceptual problem which has received insufficient attention
is the dicirion process by which percepticns of military life are
transformed into decisions about behavior. Of particular importance
there are questions about the relationship of job and non-job activities
and the context in which decisions about reenlistment are made, That
coutext includes the alternative courses of action open to individuals,
the relative improtance of each of the fuctors in the quality of military
life, expenences in the military, and the fulfillment of expectatious
about what military life would be like. Each of these factors can
inflvenc2 an individuals' evaluation of military life, i.e,, its quality,
and decisions about whether to remain in the military,

As is evident from the toregoing discuasion the approach we follow is
very broad and is intended to include all factors which may influence
quality of life rerceptions. This approach represents our initial
attempt to identify a broad range of variables which mav influence
the behavior of military personnel and to examine interactions be-
tween perceptions of different aspects of military life, and between
those perceptions and the context in whicn they are made, Qur
particular emphasis oa ali elen.ents of the military life situation does
not preclude narrow appioaches which focus on one or a limited num-
ber of the factora which we feel are relevant to the descussion of the
quality of military life. * in the following discussion an initial attemnpt
on developing a general model will be descrived.

MEASURING THE QUALITY OF LIFE: A CONCEPTUAL FRAMEWORK

The lessons learned, both {rom examining the theoretical and
methodological issues inherent in the previous research and from
inspecting actual components of research instruments employed in

*
Work by David Bowers, which focuses on the job related aspects of

Navy life, is an example of the more restricted approach which
has produced useful results.
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these studies. will be applied in the following to the construction of a
concentual framework applicable to the measurement of the quality
of Navy life. . The process through which this framework will be
fachioned involves: (1) estabiishing a thecretical strueture which
provides a rationale of life quality assessment; (2) identifying a set
of life quality factors which adds substance to the theoretical struc-
ture; and ‘3) explaining how the resultant conceptual framework
satisiies each requirement inherent in meaziiring quality of life,

A Theoretical Structure for Measuring Quality of l.ife: The
theoretical structure offered here for the measurement of life quality
has for its foundation the assertion that the quality of an individual's
life is a positive function of the degree to which the individuai's needs
are satisfied, Thus, if neariy all of an individual's needs are being
met, then his evaluation or expressed satisfaction with the quality of
that life will be very hign. If almonst none of his needs are being met,
then the evaluation of his life quality will be very low,

Based on the assertion above, the notion =f quality of life here
receives its primary structure {rom its analysis into several need
categoriea, While a number of perhaps equally informative need
taxonomies exist, * the most commenly accepted and frequently em-
ployed scheme of categoriration is that proposed by Maslow, ** This
analysis will follow an approach adopted by several other quality of
life studies by utilizing catergories which retlect only slight deviation
from the pattern cstablished by Mzaslow's need hierarchy, ***

.
On this point seec Arncld Mitchell, "Life Ways and Life Styles"
(Menlow Park, CA: Standord Research Institute, 1973), p. 5.

e
S.g Abraham H, Maslew, "Motivation and Personality'' {New
York: Harper and Row, Publishers, Inc., 1954), pp. 80-98,

‘lnatancea of studics which follow Maslow's categorization of nceds
include Angus Campbell, "Aspiration, Satisfaction, and Fulfillmant,”
The Human Meaning of Social Change, Ed. Angus Campbell and
Philip E. Converse (New York: Rusell Sage Foundation, 1972), 441-
466, and Patricia A. IMecorel'a, Predictors of Race Discrimination

in the Navy (Ann Arbor, Mich: Inatitute for Social Regearch,
University of Michigan, 1975),

50

e et 00




ol

. s §
w L eynnor AT TSN ,‘"5?“{“%‘?&; rﬁ%}?@}*‘éﬁ%&%

The four categories used will be termed: (1) safety and comfort;
(2) belonging and love: (3) esteem; and {4) self-actualization, It is
with reapect to these categories, which serve as sub-scales of life
quality, that overall quality of life will be measured.

Having received primary structure form an analysis of its conceptual
contents into need categories, the notion of quality of life achieves
secondary structure when these categor’ :s are themselves analyzed
to reflect the logical distincti..n which axists between '"quality of
life" and ''quality of work.” This distinction is based on the premise
that some different factors impinge on our lives in work and nonwork
situatione and insofar as this condition exists our evaluation of these
life dimensions and the context in which they operate should be
separately evaluated. In the military this distinction may be some-
what less prononced becausc of the overall control exercised on
various elements of behavior, such as family separation and living
and working on post often with the same supervisors,

The result of this secondary analysis is a conceptual matrix which
permits assessment of both quulity of life and quality of career with
respect to each of the need categories. Table I provides a

general representation of that matrix,

Factors in Quality of l.ife/Work:; Furnished above has been a
theoretical structure for the notion of lhife/work quality asscssment,
The objective now is to supply a aet of factors which may be utilized
as specific measures of quality of life/work., The factors may be
generated by means of the following procedure. First, the component
variables from each of the civilian and military related quality of
life/work stvdies may be analyzed on the basis of their general
content and logically associated into groups of similar variables,

The crucial concepts common to groups of variables were then
isolated and identified as preliminary life/work factors, Next, to
this preliminary group was added another group of factors discovered
in an initial analysis of the need categories furnished by the theore-
tical structure. The resultant factor set, which is composed of 39
zlements, is illustrated in Table II along with corresponding
variables {rom the studies trecated above,

The quality of life/work factors set having thus becn presented, an
observation with respect to the exhaustiveness of this set is in order.
In Table II, the factor set not only exhausts each of the variables
utilized to agsess quality of life/work of the military related
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TABLE 1

THE CONCEPTUAL FRAMEWORK

LIFE

WORK

SAFETY AND
COMFORT

BELONGING
AND LOVE

{
!

ESTEEM

Health and Medical Care
Personal safety

Living Essentials

l.ocal Environme t
Convenience

e vt e e s i

Contribution to Com-
munity and Society
Social Life and
Relationships
Relationships with Close
Friends
Relationships with
Nuclear Family
Self-Esteem
Freedom of Choice and
Expresasion
Equality

.

SELY
ACTUALIZATION

Cognitive Development
Affective Development
Recreation

Travel

Income

Secure Employment

Rctirement, Medical, and
other Fringe Benefits

Work Environment

Job Convenience

Sufficient Resources to
Perform Job

Organizational Climate

Competence o f Supervisor

F

3 Occugation Related

Interpersonal Relation-
ships in the Work
Euavironment

Work Related Friend-
ships

Family Disruption

Authority
Responaibility

Prestige
Freedom to Decide How
Work Sliould Be Done
Participation in Decisions |
Affecting Own Future
Meaningful Work

Skill Development

Utilization of Personal
Skills

Opportunity for Advance-
ment

Advancement on the
Basis  Merit

Interesting Work

Craative Experience
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TABLE U
FACTORS OF QUALITY OF LIFE/CAREER
W
Y Wilson, Flanagan, {House, Livingaton, | Survey
: Facwr Set and Unlaner Petty and Shefl |Holr and Gitler and Swinkura Revearch
i Cuntey
¥ Health and Heajth and Per- |Medical Plane & ' Jeing provided [Heslth
Medical Care | sonal Salety Fringe Denefita

with good Medi-'ianardous Sub.
cal and Dente! stances
Care Facilliics

Pereona} Safe- Peroonal Phyel-
>4

cal Safety Bafety

Living Eseen- [Owning & tome |Haring Devent {ousing
tale Housing and pridAccurmilated Ase~
wvacy in the Bard est
racks Privacy
Having good qual{Eseentis]l Living

fty, suffictont Coete
quantity, snd
proper service

[P

of food,
Lecal Envir conystam
ment Land Use
fimate
olee
[Water Follution
ir Pollution
Convenlence Hasving Faclittior [Public Tranepors
Available on the tation
Puet that make |[Tranaportation
| S Life Fantler Services
Contribution tnf Sacial, Comunun {Invalvement n
Comeuity and ite, and (ivic Community
Society Activities Life
rrunity to
nbke 8 Lasting
Contribution to
% Society
Social Life an} Relations with
Relationshipe Parente, Sib-
Hnge, or other
Relatives A
SO % .. 1111407 3
Relations with | Relatinns with Primnary Soctal
Nucleat Fam. Spouee {or pir). Relationships
! tly frienste’ moy-
irierci(s],
Having and Keis-
SRS W 1 S22 4
Relzhrans with | Relatione with !s.mndny Social
[Close Fricnde| Liose Friends iRelationships
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TABLE U
{Continued! :
Wiisop, Fianagan, House, Survey
r Se and Uhlaner Fetty asd Shasl {Hola and Citlar | Livingaton, Redearch
xclor Set . oh . |
Self-Eeteem | Understanding snd Being Trested

Apprecisting Self 1ike on individ.
aal and not like
. another number

e

Baing paid a fair
salary equal to
what Civilisana
Equality G'.“'"‘ Equal  |Equatity
Treatment Re-
gardless of

—— Race
Philosophical and { Personal Free- |Neing sble to Cholcse in Life
Ethical Values acm in Expresy Cut one's Hair
slon of lseas the Way ane
Wants

Shortening the
Lengih cf 2
Tour and Let.
¥Froedom of ting one Choascl
Cholce and _the l.ocation

“xpreesion Being slie to be {Use of Free
what dne Wanta! Time
to be on one’s  [Letlsure
own Time
tetellectual Oppottunity for | Having Fduca- Faucation
Activities further Civillan | tional Opportun.
Schoaling ides and Port.
Diecharge
Fducatio 1)
Cognitive Benclits
% Develogrnent Opportunity 1o
43 Develop into »
3 Well. Reunded
e Individual,
" Opportunity to
3 h Realise Maxi-
E: mumn Potential
1 Affective Aesthetic
G  [Development JActivitics Culture
Spiritual Cultural and
Fuperiences or Spiritual
': Beliefs
4 Travel Opportunity to
Travel
Recrestion Active Recrea- Recreational
Honal Activities; Resources
Passive Recrea.
e tional Activitien - -
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Faeeily

L aeruption

Interperennai

Relatinashipe

tn the Work

Envivoament

Erow thetr Jobe

TABLE U
{Continued}
Wilson, Slanagan, House, Survey
Yactr Set and Uhlaney Petty and Shei!l {Hol~ and Gitlar | Livingstor, Ressarch
and Sedpburn L
lacome Matorie} Weil. Pay Income ¢ Pay is Good
Belng and Securtty Income Diastri-
fur the Future bution;
Discretionary
Income
fecure Meoady Work Knployment The Job Security
Dnployment Econutnic }0 Goud
Security
Rotivrement, Rotitement Accumulstes ‘My f ringe
Medical, ond Man Asonte anelits are
Other Fringe K
Penefite ]
York "hysics) Sur~
Enviromment ousdinge are
Plegsant
Jo» Kivaphic loce: The Houre ave
Conveplonce ton of Jou [Cood; Travel to
arnd Feom Work
. S \s Convenient
Orgenieatinns Srolictes nf Getting Rid ol 1 am (ree from
Climate Qrganisation Rules and Reguw- cenfifcting
wesrd latinne that DenW Deme e that
Emmgplayees MHelp Porlor. other People
rHmeLnee ©
Qllcicat T - — r:::;::.""
Resomrces 1o enough Helip and
Perform Job Equipirant to
fet the Job
Dene; | have
smough [ nfer.
mation to get
to get the Job
I — Dane
Coarpatents Technical Havirg Officers My Supervisor
of Rupervisar Abitivy of ohd Non is Competent
NVperviser Carnmio sonet in Dolng his
MG wrs that Jot

-

Pk of }anily

| Sersratien

Comod Inter
potoonal Rela.
Hanships with
Sapervisore,
Good tniee
pereongl Rela
tionshipt with
Peere,

Good Inter
rersonal Rels
tionchins with

Subordinits e

1 am give s lot
of Chanzes o
Make Fiinnds:
My Cownrkers
arte Friendly
snd fielpful
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(Continued)
Wileon, Vianagan, | . Teuee, Nrvey
Factor Set sl Uhlcner Ped and Shetl [ Hols und Gltler | Lavingetos, Research
i} shurs 2. Cergsr
Weork
Rel:ted
Friendonipe
Measingint Oteupational Kote Making the 1 can see the
Werk {Joby Wark Meaning - Resulte of my
ol ond Worth- Weork: The
while and Preblema ! am
Eliminating the asked %0 Jnlve
Buey Work ore hard
enough
Respaneinili. Amount of My Responsi-
ty Personal wilities are
B zepansibilicy elearly da-
A—" S o —— Lt Sty - !(h-‘ -~y
JAutharity Ogpra v tunity o 1 have snough
be s louder; Autherity to do
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shout Own Own Future
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Results ot
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studies, but also includes 80 percent of the variables employed to
measure quality of life and quality of career in the civilian related
studies., In this way, the factor set displays a clear s:periority of
extension over the various sets of life/work quality variables used

in the military related studies, and demonstrates a coverage of the
variadies critical to quality of life and quality of work measurement
which is roughly equivalent to the more specialized civilian related
studies. Second, despite the degree to which the factor set exhausts
variables relevant ta the zzasasment of quality of life/work, it must
be considered a provisional set. This is because certain factors may
be added or subtracted from the set based on the results of empirical
investigation, cunclusions derived from logical inspection of the
theoretical structure, or specific research requirements,

MEASURING NAVY CUALITY of LIFE/WORK
A RESFARCH DFSIGN

General Approach

The foregoing analysis provides a basic model for the study of the
quality of 1i’s/work in any context, In the proposed model we focus
on the satiafaction of individuals with their mititary (Navy) lives, in
both lifc and career situations., An analysix built on this framework
can provide the basis for a relatively ~asy to admin,ster general test
for use with Navy personnel,

The focus of this dizcuasion 1a both substantive and methodological,
Substantively, we seck to specify some of the major problems con-
fronting the Navy in terms of general satisfaction of pervonnel, Our
concern 1a to firat identiy the peneral factors which comprise the
total life space of Navy personnci, then to determine which of those
factors is most closely associated with behavoral decisions, specific-
ally the decision to reenlist,

Comparative Analyais

One of the most important methodological considerations ‘n this
research will be the use of comparison., That is, ¥z .ant to analyre
satisfaction not just with the Navy per se, but in comparison with
what is expected in the civilian world, the standard againat which
individuals will be evaluating Navy life. Certain aspects of the Navy,
e. g. pay, may displease everyone, but the relevance of a particular
perception beco'mes importan: only when there is an alternative which
is perceived as both batter and available. Thus, we expect to be able
to learn more about reenlistment decisions {from a comparison of
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Navy and civilian alternatives than from a Navy evaluatiorn alone,

Other Contextual Factors

In a similar vein, each of the other contextual considerations men-
tioned previously is potcntially important in the analysis of perceptions
of the quality of Navy (military) life. For example, a difference in
the perceived ability of the Navy to provide free choice in jobs va.
civilian choice is importznt only insofar as that {reedcin is significar.
to the individual, Another more popular example is the question of
hair length. Most of the young men in the Navy feel that hair length
regulations are restrictive, more restrictive than in civilian life,
However, whether or not thic perception is important in a reenlist-
ment decision is at least partially a functien of how important hair
length is to the individual, We shall call this particular contextual
consideration salience,

Another consideration ia the set of expectations ubout Navy service
enlistees brought with them, If ] entered the Navy expecting to fly
airplanes and ended up chipping paint, it seems likely that I would be
greatly disatisfied with at least the work dimenzions of my Navy
career. While the discrepency may not be that large in tnost cases,
there are undoubtedly many instances in which the reality of Navy
life did not correapond with the expectations, At a minimum we
would expect that such considerations would color evaluation of the
Navy in the sapecific arca where differences occur, They could
influence Navy-civilian comparisons as well,

Still another part of the decision context is what actual experiences
individuals had while they were in the Navy. By experience we mean
in the institutional sense, such as rating, proporiion of sea duty, and
schooling, rather than the day-to-day interactions with peers and
supervisors. The latter type of experience will be reflected in the
specific variables evaluated by each individual and would not
necessarily be associated with such general characteristics as rating.
The former experiences are related to the constant impact of being

at sea or working a particular type of job. While the previous context
factors had to he measured and analyzed simultancously with per-
ceptiony of quality of life variables, these experiencer can be
evali . ted on a post-hoc basis by dividing respondents into groups
which exhibit each of the relevant characteristics,
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SUMMARY OF THE CONCEPTUAL MODEL

The foregoing discussion may be summarized a» follows:

(1) Behavior of Navy personnel with regard to a reenlistment
decision is a function of perceptioua of Navy life modified by each
individuals comparison of each variable to alternatives in civilian
life and to the importance of that variable in their hierarchy of values,

(2) The variables which exhibit potential signifigance in these
decisions may be identified through the use of a needs model which
specifies the areas which are likely to be important to various groups
of Navy persconnel. Such a model hélps to insure the comprehensive-
ness of the variable list and a systematic balanced approach,

(3) Beyond these basic considerations are such factors as
expectations, and Navy experience, which may color the perceptions
of individuals and thereby influence reenlistment decisions.

The usefulness of quality of life research will depend on our ability

to account for each of thesa f{actors in a syste:aatic way., By sys-
tematic we mean to eviluate decisions su that the impact of each of
these factors can be identified and measured., From this base {t will
be possible to generate policy which reflects the reasons for negative
evaluations »f the Navy and the precise means to turn such evaluations
(and presumably behavior) around.
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“MEASUREMENT OF LEARNED BEHAVIORS IN COMPETENCY

BASED LEADERSHIP TRAINING PROGRAMS*

A PRESENTATION
BEFORE THE

¥
:
4
k>

MILITARY TESTING ASSOCIATION

BY
3 DOROTHY von K. PEPPER, tp. D.
'é WORTH SCANLAND, Pw, D.
; For MANY YEARS THE U, S, NAVY HAS BEEN ADDRESSING THE

PROBLEM OF TRAINING LEADERS, A5 HAVE MANY OTHERS IN AND
OUT OF THE MILITARY SERVICES. THERE ARE THOSE WHO CONTEND
THAT LEADERS ARE BORN, NOT MADE, AND THERE ARE OTHERS WHO
TAKE THE POSITION THAT LEADERSHIP IS A DEFINABLE SKILL
WHICH CAN BE IDENTIFIED AND TAUGHT, AND THAT THE RESULTANT
BEHAVIOR CAN BE MEASURED, THE NAVY HAS BEEN IN BOTH CAMPS
AT ONE TIME OR ANOTHER, BUT AT THE PRESENT TIME HAS ADOPT-
ED THE POSITION THAT LEADERSHIP CAN Bt DEFINED AS A LEARN-
ED BEHAYIOR, SUBJECT TO IMPRGVEMENT THROUGH TRAINING, AND
THAT THESE LEARNED SKILLS ARE MEASUREABLE 1¥ VIEWED AS
COMPETENCIES., HAVING REACHED THAT CONCLUSION, THE Havy,

T
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AND SPECIFICALLY THE CHIEF OF NavaL PERSONNEL, HAS
comissiONED McBer AND Company oF BostoN, MASSACHUSETTS,
TO DEVELOP A COMPETENCY BASED LEADERSHIP TRAINING CURRIC-
ULUM WHICH CAN BE DELIVERED TO BOTH ENLISTED AND COMMiS-
SIONED PERSONNEL AT SEVERAL LEVELS OF SENIORITY, PRIMARI-
LY AT SCHOOLS ASSOCIATED WITH ENTRY POINTS INTO THE NAvy
OR INTO HIGHER LEVELS OF RESPONSIBILITY. IT IS THE PUR-
POSE OF THIS PAPER TO DESCRIBE THE METHOD BY WHICH THIS
TRAINING PROGRAM IS BEING DEVELOPED, THE MFANS BY WHICH
THE LEARNED SKILLS ARE TO BE MEASURED, AND THE CONTRAST
BETWEEN THIS AND MORE TRADITIONAL APPROACHES TO TRAINING
FROGRAM DEVELOPMENT,

IN A PAPER APPEARING IN THE JANUARY, 1973, 1SSuE OF
THE AMERICAN PsvcHoLocist, DR, Davip C, McCLeLianD oF
HARVARD UNIVERSITY TOOK UMBRIDGE AT THE CONCEPT SO PREV-
ALENT THEN AS WELL AS NOW, THAT INTELLIGENCE AND APTITUDE
TESTS ADEQUATELY MEASURED CAPABILITIES IN PEOPLE TO PER-
FORM CERTAIN TASKS OR J0BS, HIS THESIS WAS THAT SUCH
TESTS MEASURED, IF ANYTHING, CAPABILITIES TO PERFORM [N
ANl ACADEMIC SETTING AT ACADEMIC SKILLS. THEY DID NOTHING,
HE CONTENDED, TO MEASURE THE ABILITY OF A POLICE CANDIDATE
TO PERFORM POLICEMEN'S TASKS, FOR EXAMPLE, HE THEN WENT
ON TO DESCRIBE THE CONCEPT THAT ONLY RANDOMLY SELECTED
SKILLS REQUIRED OF PERSONS WHEN PERFORMING THE DESIRED JOB
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COULD BE USED AS THE BASIS FOR A TEST OF APTITUDE FOR
THAT JOB, HE CALLED THIS METHOD "CRITERION SAMPLING",
AND 1T FORMS THE DATA UPON WHICH VALID PREDICTORS OF
FUTURE JOB COMPETENCY CAN BE ESTABLISHED., WHEN TESTS
FOR THE PREDICTION OF FUTURE SUCCESS ON THE JOB HAVE
BEEN DEVELOPED FROM SUCH DATA, THE YALIDITY COEFFI-
CISNTS HAVE RISEN FROM AN AVERAGE OF 0,33 FOUND IN THE
LITERATURE ON LEADERSHIP AND MANAGEMENT SKILL CHARAC-
TERISTICS TO A MEAN oF (,60., INASMUCH AS THE SQUARE OF
A CORRELATION COEFFICIENT YIELDS THE PREDICTIVE VALIDI-
TY OF A MEASURE, THE NEW JOB COMPETENCY ASSESSMENT RE-
SULTS IN A THREE-FOLD IMPROVEMENT IN THE PREDICTIVE
QUALITY OF THE MEASURE OVER PREVIOUS, TRADITIONAL MEANS,
THE NAVY HAS THEREFORE CHOSEN TO DEVELOP SUCH A SET OF
MEASURES TO DETERMINE THE LEADERSHIP AND MANAGEMENT
QUALITIES OF ITS NON-COMMISSIONED AND COMMISS!ONED
OFFICERS, THIS 1S FROBABLY AN APPROPRIATE TIME TO STATE
A DEFINITION OF “COMPETENCY" AS USED IN THIS DISCUSSION,
FOR IT WILL APPEAR MANY TIMES, "“COMPETENCY” IS USED IN
GOAL OR OUTCOME OPIENTED TRAINING TO IMPLY THE KNOWLEDGE,
SKILLS, ABILITY, MOTIVES OR OTHER CHARACTERISTICS THAT
CAN BE DEMONSTRATED TO RELATE DIRECTLY TO COMPETENT OCCU-
PATIONAL PERFORMANCE, I[N THE PROGRAM NOW UNDER DISCUS-
SION THE ASSESSMENT OF THESE JOB RELATED COMPETENCIES
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AMONG JOB INCUMBENTS IS BOTH THE SOURCE OF THE DETERMINA-

TION OF THE COMPETENCIES RELATED TC SUPERIOR LEADERSHIP

AND MANAGEMENT AND THE BASIS FOR THE MEASURES WHICH SUB~ -
SEQUENTLY ARE UTILIZED TO DETERMINE EACH STUDENT'S PRE-

AND POST-TRAINING STATE.

THE JOB COMPETENCY ASSESSMENT PROCEDURE MAY BE DE-
SCRIBED IN THREE STEPS, AS FOLLOWS:

' ¢ ERS. [N ORDER TO ACCOMPLISH

TH!S STEP, A SELECTED GROUP OF COMMANDING OFFICERS OF FLEET
UNITS WERE ASKED TO IDENTIFY COMMISSIONED AND NON-COMMIS-
SIONED OFFICERS ABOARD THEIR SHIPS WHO COULD BE PLACED IN
EITHER A "SUPERIGR PERFORMER" CATEGORY OR AN "AVERAGE PER-
FORMER” CATEGORY,

2, IHE CONDUCT OF "BEHAVIORAL EYENT" INTERYIENS.
THE OFFICERS AND PETTY OFFICERS IN THE SAMPLES TAKEN IN
THE FIRST STEP WERE ASKED TO DESCRIBE IN BEHAVIORALLY
SPECIFIC TERMS CRITICAL LEADERSHIP INCIDENTS IN WHICH THEY
HAD BEEN INVOLVED, THE TECHNIQUE OF BEHAVIORAL EVENT
INTERVIEWING, DEVELOPED BY DR, MCCLELLAND oF THE McBer
COMPANY, INVOLVES OBTAINING A NUMBER OF DESCRIPTIONS GF

L

WHAT HE CALLS "BEHAVIORAL EPISODES, FOR EXAMPLE, A PERSON

MIGHT BE ASKED TO DESCRIBE AN INCIDENT IN WHICH HE FELT

64




PARTICULARLY SUCCESSFUL (OR UNSUCCESSFUL) AND THEN TO ‘
DESCRIBE IN DETAIL THE EVENTS LEADING UP TO THE INCIDENT,
WHEN AND WHERE 1T OCCURRED, AND HOW HE WAS FEELING AND
REACTING BEFORE, DURING AND AFTER THE INCIDENT, THE DIs-
TINGUISHING ASPECT OF THIS INTERVIEW TECHNIQUE IS THAT IT
ELICITS INFORMATION FROM WHICH ACTUAL BEHAVIORS CAN BE
RECONSTRUCTED INSTEAD OF ELICITING INTERPRETATIONS OR
RECOLLECTIONS OF GENERAL OUTCOMES,

3., IHEMATIC CONTENT ANALYSIS OF BEHAVIORAL EVENTS.
INASMUCH AS THE OFFICERS AND PETTY OFFICERS INTERVIEWED
WERE SELECTED ACCORDING TO RATINGS BY THEIR COMMANDING

OFFICERS, AND OTHER CRITERIA, IT IS POSSIBLE TO COMPARE THE

"SUPERIOR” AND "AVERAGE” INTERVIEWERS IN TERMS OF THE CON-
TENT OF THEIR BEHAVIORAL EVENTS, THIS COMPARISON PROCESS
INVOLVES, FIRST, THE IDENTYIFICATION OF CHARACTERISTICS OR
THEMES WHICH CAN BE DRAWN FROM THE RELATED INCIDENTS IN
BOTH GROUPS OF THE SAMPLE, THEN IT INVOLVES THE DESIGN OF
A SCORING SYSTEM WHICH WILL RELIABLY CREDIT A SET OF BE-
HAVIORAL EVENTS FROM AN INTERVIEW FOR THE PRESENCE OF THE
THEMES OR CHARACTERISTICS, THESE THEMES WHICH ARE PRESENT
IN THE EVENTS RELATED BY THE "SUPERIOR” GROUP AND NOT PRE-
SENT IN THOSE RELATED BY THE "AVERAGE" GROUP BECOME THE
COMPETENCY CHARACTERISTICS THAT ARE LIKELY TO LEAD 70 AIGH
PERFORMANCE., ONCE IDENTIFIED, THESE CHARACTER STICS WERE
SUBSEQUENTLY VALIDATED THROUGH TWO DIFFEN W4T MEAMS,
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THE THEMATIC CONTENT ANALYSIS FROM APPROXIMATELY EICHT
HUNDRED CRITICAL LEADERSHIP INCIDENTS COLLECTED FROM
FLEET INTERVIEWS PROVIDED TWENTY-SEVEN RELIABLY DISTIN-
GUISHABLE LEADERSHIP COMPETENCY CHARACTERISTICS, AND
SUBSEQUENTLY DISTILLED DOWN TO FIVE MAJOR LEADERSAHIP AND
MANAGEMENT FUNCTIONS, OR FACTORS, STATISTICAL SUPPORT
FOR THE DERIVATION OF THESE FIVE FACTORS MAY BE FOUND IN
THE McBER AND COMPANY FINAL REPORT OF THE "ANALYSIS OF
LEADERSHIP AND MANAGEMENT CuMPETENCIES OF COoMMISSIONED
AND NoN-commisSIONED NAVAL OFFICERS IN THE ATLANTIC AND
PacIFIC FLEETS.” HOWEVER, BECAUSE THESE FACTORS FORM
THE BASIS FOR BOTH THE DETERMINATION OF THE BEHAVIORS TO
BE TAUGHT IN THE TRAINING PROGRAM AS WELL AS THE MEASURES
FOR DETERMINING THE EXTENT TO WHICH THE STUDENTS ACQUIRE
SKILLS AND COMPETENCIES THROUGH THE TRAINING, 1T 1S IMPOR-
TANT TO THIS DISCUSSION THAT THEY BE DESCRIBED, AND TO
SOME EXTENT DISCUSSED,

THE TWENTY-SEVEN COMPETENCY CATEGORIES, AS DIVIDED INTO
THE FIVE DISTINCT CONCEPTUAL CLUSTERS OR FACTORS ARE AS
FOLLOWS: -

FACTOR 1: TASK ACHIEVEMENT

[oe
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NAVY OFFICERS REPORTED NUMEROUS INCIDENTS IN WHICH
THEY EXPRESSED CONCERN FOR ACHIEVEMENT, SET SPECIFIC
GOALS, TOOK INITIATIVE TO SOLVE TECHNICAL PROBLEMS, OR
COACHED OTHERS TO IMPROVE THEIR PERFORMANCE, FIVE com-
PETENCY CATEGORIES MAKE UP THIS FACTOR:

1. CoNCERN FOR ACHIEVEMENT: OFFICERS EXPRESSED

A DESIRE TO "DO JOBS RIGHT”, TO MEET STANDARDS OF EXCEL-
LENCE, AND TO ADVANCE IN THEIR CAREERS, AND FELT PROUD
WHEN THEY HAD DONE A JOB WELL.

2. JAKES INITIATIVE: OFFICERS DESCRIBED TAKING

PERSONAL INITIATIVE TO OVERCOME OBSTACLES IN ACCOMPLISH-
ING TASKS,

3. SETs GoALs: OFFICERS ARTICULATED SPECIFIC
(OFTEN MEASURABLE), CHALLENGING BUT REALISTIC AND TIME-

PHASED GOALS FOR THEIR OWN PERFORMANCE AND THAT OF THEIR
SUBORDINATES AND UNIT,

4. Coacnis: OFFICERS DESCRIBED HELPING SUBOR-
DIMATES TO ACCOMPLISH TASKS MORE EFFSCTIVELY BY PRCVIDING
INFORMATION, "SHOWING THEM HOW", OR BY ENCOURAGING THEIR
PERSONAL DEVELOPMENT THROUGH TRAINING OR OTHER ENRICHING
EXPERIENCES,
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5. Tecunical ProBLEM SoLvine: OFFICERS, PARTIC-
ULARLY ENLISTED PERSONNEL IN TECHNICAL RATES, DESCRIBED
THINKING ANALYTICALLY IN SOLVING TECHNICAL PROBLEMS: OB-
SERVING DISCREPANCIES IN EQUIPMENT PERFORMANCE (PROBLEM
FINDING), REASONING DEDUCTIVELY TO IDENTIFY THE CAUSES OF
“'ALFUNCTIONS, LOCATING NEEDZD RESOURCES, ANTICIPATING
OBSTACLES, AND ACTING TO CORRECT PROBLEMS,

FACTOR I1: SKILLFUL USE CF INFLUENCE

OFFICERS DESCRIBED BEING CONCERNED WITH INFLUENCE
STRATEGIES =-- PERSUASION, EXPLANATICN, INSPIRATION, RE-
WARDS == TO ACCOMPLISH OBJECTIVES AND MOTIVATE SUBORDINATES
TD WORK AS A TEAM: [NFLUENCE SKILL 1S AIDED BY CONCEPTUAL
THINKING ABOUT SHORT- AND LLONG-RANGE [MPACT AND BY EMOTION-
AL SELF-CONTROL, FIVE COMPETENCY CATEGORIES WERE INCLUDED
IN THIS FACTOR:

1. CONCERN FOR INFLUENCE: OFFICERS REPORTED
BEING CONCERNED ABOUT INFLUENCING OTHERS ("] WANTED TO
CONVINCE HIM"), USING THEIR OWN POWER IN INTERPERSONAL
RELATIONS, AND BEING SENSITIVE TO THE POLITICAL FACTORS
IN COMPLEX SITUATIONS, .

2. INFLUENCES: OFFICERS DESCRIBED ACTING TO IN-
FLUENCE OTHERS WITHOUT HAVING TO RESORT TO DIRECT ORDERS

OR THREATS, USING INFLUENCE EFFECTIVELY TO ACHIEVE THEIR
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ENDS WHILE MAKING OTHERS FEEL MORE EFFICACIOUS IN THE
PROCESS.,

3, ConcepTuaLizes: OFFICERS DESCRIBED A HIGH
LEVEL OF CONCEPTUAL ABILITY IN PROBLEM IDENTIFICATION,
SYSTEMS ANALYSIS, AND POLICY FORMULATION, THIS COMPE-
TENCY 1S THE ABILITY TO SFE PATTERNS IN CCMPLEX DATA,
SEPARATE IMPORTANT INFORMATION FOR UNIMPORTANT, DEVE.OP
INTEGRATIVE CONCEPTS AND PRINCIPLES AND SUPPORT THESE
WITH SPECIFIC DATA, AND RECONCILE EXCEPTIONS AND DIS-
CREPANCIES, USUALLY WITH REGARD TO HAVING AN IMPACT ON
OTHERS OR ON THE SYSTEM,

4, TeaM Bulips: OFFICERS DESCRIBED ENCOURAGING
SUTCRDINATES TO WORK TOGETHER AS A TEAM, TO “BuY 1uT0"
SHARFL J41T OR COMMAND PERFORMANCE GOALS, AND TO CREATE
SYMBOLS AND EVENTS WHICH STIMULATED UNIT PRIDE AND IDEN-
TITY,

5. RewARDS: OFFICERS REPORTED REWARDING OTHERS
COR GOOD TASK PERFORMANCE TO INFLUENCE AND MOTIVATE SUB-
ORDINATES. -

6, SELE-conTR0L: OFFICERS REPORTED CONSCOUSLY
CONTROLLING THEIR EMOTIUNS, PARTICULARLY AMGER AND AFFILI-
ATIVE TENDENCIES, WHEN THESE EMCTIONS THREATENED TO INTER-
TERE WITH THEIR ABILITY TO INFLUENCE OTHERS OR TO MAINTAIN

p T
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FACTOR 111: MAMAGEMENT CONTROL

OFFICERS DESCRIBED USING A STRAIGHTFORWARD MANAGEMENT
SEQUENCE OF PLANNING AND ORGANIZING, ISSUING DIRECTIONS,
DELEGATING, MATCHING PEQPLE TO JOBS TO BE DONE, MONITORING
RESULTS AND GIVING FEEDBACK IN MANY INCIDENTS, FIVE COMPE-
TENCY CATEGCRIES WERE INCLUDED IN TKIS FACYOR:

1. Erass AND ORGANIZES: OFFICERS REPORTED
IDENTIFYING THE ACTIONS THEY NEEDED TO TAKE AT ONE POINT
I TIME TO ACHIEVE RESULTS AT SOME LATER TIME, SPECIFYING
PERSONNEL, MATERIALS AMD OTHER RESOUR:ZES NEEDED, AND
PRIGRITIZING TASKS TO BE ACCOMPLISHED,

2. DIRECTS: OFFICERS, WHEN THEY DID NOT INFLUENCE
SUB0RDINATES, CLEARLY DIRECTED THEM TO PERFORM TASKS WITH-
OUT EXPLANATION AND IN THE ABSENCE OF PERSONALIZED THREATS
OR PUNISHMENT,

3, DELecatis: OFFICERS DESCRIBED CONSCIOUS USE OF
THE CHAIN OF COMMA'™ TO GET SUBORDINATES TO TAKE RESPONSI-
3ILITY FOR TASKS.

4, Qprimizes (PEQPLE-TASK): ‘0OFFICERS REPORTED REAL-
ISTICALLY ASSESSING PEOFLE IN MAKING PERSONNEL DECISIONS TO
ASSIGN TASKS TO YHOSE INDIVIDUALS MOST LIKELY TG DO THEM
WELL, AND IN MAKING TRADE-OFF3 BETWEEN TASX REQUIREMENTS
AND INDIVIDUAL NEEDS (IN NAVY PARLANCE, "INTEGRATION GF MEN
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AND MISSION"),

S. MoniToRs Resurrs: OFFICERS REPORTED MONITOR=
ING FOLLOWUP, CHECKING BACK TO SEE IF MANAGEMENT ACTIONS,
SUBORDINATES OR EQUIPMENT IN FACT ACCOMPLISHED WHAT THEY
WERE EXPECTED TO ACCOMPLISH IN A GIVEN TIME PERIOD,

6. Resolves ConFLICTS: OFFICERS DESCRIBED NEGO-
TIATING OR MEDIATING INTERPERSONAL DISPUTES TO A SUCCESS-
FUL RESOLUTION, DEFINED AS A "WIN-WIN" SOLUTION, IN WHICH
BOTH PARTIES IN THE DISPUTE WERE RELATIVELY SATISFIED AND
NEITHER LOST A DISPROPORTIONATE AMOUNT OF POWER, STATUS OR
RESOURSBES,

7. Gives Fseprack: OFFICERS REPORTED GIVING
SPECIFIC FEEDBACK TO SUBORDINATES ON THEIR TASK PERFORMANCE,

FACTOR [V: ADVISING AND COUNSELING

MANY LEADERS AND MANAGERS DESCRIBED LISTENING TO AND
COUNSELING SUBORDINATES IN A HIGH PERCENTAGE OF THEIR CRIT-
ICAL LEADERSHIP INCIDENTS, COUNSELING INCIDENTS DEALT WITH
TOUR |SSUES: PERFORMANCE, DISCIPLINARY MATTERS, PERSONAL
PROBLEMS (INCLUDING DRUG, ALCOHOL, FINANCIAL AND FAMILY
DIFFICULTIES) AND CAREER PLANNING, [OUR COMPETENCY CATE-
GORIES ARE INCLUDED IN THIS FACTOR:
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1, Lisiens: OFFICERS REPCRTED NOTICING WHEN
SUBORDINATES APPEARED TO BE HAVING PROBLEMS, APPROACHING
PEOPLE TO INVITE THEM TO TALK ABOUT ISSUES CONCERMING
THEM, OR BEING PERCEIVED AS APPROACHABLE ("...THE BLACK
GUYS CAME TO SEE ME BECAUSE, TREY SAID, THEY FELT | waAs
THE ONLY ONE THEY COULD TALK 70.“),

2. LUNDERSTANDS: OFFICERS DESCRIBED BEING ABLE
TO "HEAR WHAT OTHERS ARE TRYING TO SAY” (ACCURATE EMPATHY
OR INSIGHT INTO SUBORDINATES' NEEDS, MOT!VES OR HIDDEN
AGENDA) .

3. HELps: OFFICERS DETAILED THE ACTIONS THEY
TOOX TO HELP SUBORDINATES IN COUNSEL.NG SITUATIONS, IN-
CLUDING GIVING ADVICE, MAKING TIME AVAILABLE TO TALK,
ACTING DIRECTLY TO “FIGHT FOR THEIR FPEOPLE,” OR MAKING
APPROPRIATE REFERRALS TO SOURCES OF HELP (MEDICAL PERSON-
NEL, CHAPLAINS, DRUG AND ALCOHOL TREATMENT FACILITIES).

4, Positive EXPECTATIONS: (FFICERS EXPRESSED

POSITIVE EXPECTATIONS OF AND REGARD FOR THEIR SUBORDINATES,

-

FACTOR V: COERCITH

HAVY OFFICERS DESCRIBED CRITICAL JHCIDENTS IN WHICH
THEY USED RANK OR THREATS TO MOTIVATE OTHERS TO ACT, EX-
PRESSED NEGATIVE EXPECTATIONS OF SULORDINATES, DISCIPLIN®D

THEM, ACTIC IMPULSIVELY, AND RESCLVED CONFLICTS RY FORCE
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OR FAILED TO RESOLVE THEM, FIVE COMPETENCY CATEGORIES
WERE INCLUJED IN THIS FACTOR:

1. Coerces: OFFICERS DESCRIBED USING RANK AND
BOTH GENERAL AND PERSONALIZED THREATS TO MOTIVATE SUB-
GRDINATES,

2. MNEGATIVE EXPECTATIONS: OFFICERS EXPRESSED
NEGATIVE REGARD AND EXPECTATIONS FOR THEIR SUBORDINATES
("He 13 NO GOOD -- THERE'S NHO WAY HE'S GOING TO MAKE IT").

r

3. DuscipLINes: OFFICERS DESCRIBED PUNISHING SUB-
ORDINATES BY GIVING THEM NEGATIVE FEEDBACK, POOR FITNESS OR
EVALUAT [ON REPORTS, OR USING STANDARD IJCMJ PROCEDURES.

4, Acrs IMpursivery: OFFICERS REPORTED EXPRESSING
THEIR EMOTIONS WITHOUT INHIBITION -- PRIMARILY ANGER ("]
BLEW 'Y STACK AT HIM“) AND OCCASIONALLY AFFILLIATION ("My
BUDD'ES HAD TO COME FIRST"),

5, FEAlLSs 10 ResoLve CoNFLicTs: OFFiCLRS DESCRIBED
SITUATIONS IN WHICH THEY DID NOT REACH "WIN-WIN" RESOLUTIONS
OF CONFLICTS, EITHER BECAUSE THEY RESOLVED CONFLICTS BY
UNTLATERAL FORCE OR BY AVOIDING DEALING WiTH THE CONFLICT,
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CONSTRUCT VALIDATION FOR THESE FACTORS AND SUPPORTING
CATEGORIES 1S AVAILABLE IN THE LITERATURE, AND FOR THOSE
WHO WISH TO PROBE DEEPER INTO THIS ASPECT OF THE COMPETEN-
c1es, THE MCBER REPORT MENTIONED EARLIER CITES THE RELE-
VANT REFERENCES.

AFTER THESE COMPETENCY FACTORS AND CATEGORIES WERE
DERIVED FROM THE ANALYS1S OF THE DATA GATHERED FROM THE
INTERVIEWS IN BOTH THE PACIFIC AND ATLANTIC FLEETS, THEY
WERE CROSS VALIDATED IN FOLLOW-ON INTERVIEWS IN BOTH
FLEETS TO DETERMINE THE EXTENT TO WHICH THE CRITERIA COULD
DISCRIMINATE BETWEEN “SUPERIOR" AND “AVERAGE" COMMISSIONED
AND NON~COMMISSIONED OFFICERS DRAWN FROM EACH FLEET, THE
FIRST FOUR FACTORS, THAT 15, TASK ACHIEVEMENT, SKiLLFUL
Use ofF INFLUENCS, ANAGEMENT CONTROL AND ADVISING AND
COUNSELING, CLEARLY DISTINGU]SHED BETWEEN THE TWO CATEGOR!ES
OF OFFICERS AND PETTY OFFICERS, ALTHOUCH THE FACTOR CALLED
COERCION FATLED TO SO DISCRIMINATE, 1T APPEARING EQUALLY AS
A CHARACTERISTIC OF B37H "SUPERIOR” AND “AVERAGE” PERSONNEL.,

PCRMAPS THIS 1S AN APPROPRIATE PLACE TO ADDRESS THE
GUESTION OF THE DIFFERENCE, IF ANY, BETWECH JOB COMPETENCY
ASSESSMENT AND JOB/TASK ANALYSIS, [T.wOULD SEEM THAT THEY
BOTH ACCOMPLISH A COMMON RESULT.,.THEY PROVIDE A DATA BASE
FROM NHICH INSTRUCTIONAL PROGRAMS AND ACHIEVEMENT MEASURES
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MAY BE DERIVED, AND THEY PROVIDE A MEANS BY WHICH WE MAY
PRIORITIZE SKILLS AND KNOWLEDGES REQUIRED FOR THE SUCCESSFUL
ACCOMPLISHMENT OF A JOB SC THAT WE MAY PLACE OUR TRAINING
RESOURCES WHERE THEY WilLL 0O THE MOST GOOD., BUT THERE ARE
ALSO SOME VERY IMPORTANT DIFFEREWCES BETWEEN THEM, IT
SEEMS TO US, AND THESE SHOULD BE UNDERSTOOD, FIRSTLY, AND
MOST IMPORTANTLY, JOB/TASK ANALYSIS PRCVIDES INFORMATION AS
TO WHAT MLST B3€ ACCOMPLISHED IN ORDER TO PERFORM A SPECIFIC
TASK OR JOB, WHEREAS JOB COMPETENCY ASSESSMENT PROVIDES
INFORMATION ABOUT HQW TO GET THE JOB DONE IN THE BEST AND
MOST EFFECTIVE FASHION, SECONDLY, WHILE BOTH ADDRESS THE
COGNITIVE DOMAIN, JOB/TASK ANALYSIS DEALS PRIMARILY WITH
THE PSYCHOMOTOR DOMAIN WHILE JOB COMPETENCY ASSESSMENT DEALS
PRIMARILY WITH THE AFFECTIVE DOMAIN, AND THIRDLY, JOB/TASK
NALYSIS MOST OFTEN CONCERNS ITSELF WITH TECHNICAL MATTERS,
WHILE JOB COMPETENCY ASSESSMENT CONCERNS ITSELF WITH NON-
TECHNICAL MATTERS,

As WE HAVE DISCUSSED BRIEFLY, THE JOB COMPETENCY ASSESS-
MENT FUNCTION HAS PROVIDED US WITH A DATA BASE UPON WHICH TO
CONSTRUCT THE CURRICULUM FOR THE TRAINING PROGRAM IN LEADER-
SHIP AND MANAGEMENT SKILLS. [T HAS ALSO PRbQiDED US AT THE
SAME TIME WITH THE DATA BASE FROM HHI&H TO DEVELOP INSTRU-
MENTS FOR THE MEASUREMENT OF PRt~ AND FOST-TRAINING SKILLS IN
LEADERSHIP AND MANAGEMENT.
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THE DEVELOPMENT AND PACKAGING OF A SET OF ASSESSMENT
INSTRUMENTS TO MEASURE THE COMPETENCIES IDENTIFIED AS THOSE
DISTINGUISHING BETWEEN SUPERIOR AND AVERAGE LEADERS AND
MANAGERS 1S CALLED THE NAVY LEADERSHIP AND MANAGEMENT
Sxk1tLs TesT BATTERY. [T HAS BEEN ADMINISTERED TO APPROXI-
MATELY ONE THOUSAND COMMISSIONED AND NON-COMMISSIONED
OFFICERS AT EIGHT LEADERSHIP LEVELS, ALTHOUGH AT THE TIME
OF THIS PRESENTATION THE CATA ARE NOT YET AVAILABLE FOR
REPORTING, THE LEVELS AT WHICH THE BATTERY WAS ADMINISTERED
WERE PETTY OFFICER, LEADING PETTY OFF {CER, CHIEF PETTY
OFF ICER, MASTER CHIEF PETTY OFFICER, DIVISION OFFICER,
DEPARTMENT HEAD, EXECUTIVE OFFICER AND COMMANDING OFFICER.

THE PURPOSES OF THIS TEST BATTERY DEVELOPMENT WERE AS
FOLLOWS:

1. To MEASURE THE COMPETENCIES IDENTIFIED AS
DISTINGUISHING BETWEEN SUPERIOR AND AVERAGE NAVY LEADERS
AND MANAGERS,

2., To DEVELOP TESTS WHICH MEET THE AMERICAN PsycHoL-
0GICAL ASSCCIATION PSYCHOMETRIC STANDARDS FOR RELIABILITY

L]

AND YALIDITY,

3. To DEVELOP TESTS THAT ARE NAVY RELEVANT AND
FACE VALID,
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4. To DEVELOP TESTS THAT ARE EASILY ADMINISTERED
AND SCORED.

Now INASMUCH AS COMPETENCIES DESCRIBE ATTITUDES PEOPLE
HAVE OR ACTIONS THEY TAKE, INSTEAD OF WHAT THEY KNOW, TESTS
MUST MEASURE WHAT PEOPLE DO, NOT WHAT THEY KNOW. UNFORTU-
NATELY, MOST TESTS AVAILABLE HAVE BEEN DESIGNED TO MEASURE
KNOWLEDGE, SO A NEW APPROACK TO THE DESIGN OF TESTS HAD
TO BE MADE, AND THIS WAS DONE UNDER THE GUIDANCE OF DR,
McCLeLLand oF THE McBer CoMpANY, THESE TESTS KAVE THE
FOLLOWING ATTRIBUTES:

1. THEY ASSESS COMPETENCIES, THAT 1S, THOSE BE-
HAVIORS THAT DISTINGUISH BETWEEN AVERAGE AND SUCCESSFUL
PER

i

ORMANCE INVOLVED IN CLUSTERS OF LIFE SKILLS,

2. THEY SHOULD BE DEVELOPED BY EXAMINING THE BE-
HAVIORS OF PEOPLE EXHIBITING THOSE BEHAVIORS TQ BE MEASURED,

3. THEY SHOULD TAP OPERANT AS WELL AS RESPONDENT
THOUGHT, THE RESULTING BATTERY ARE A COMPOSITE OF FOUR
TESTS WHICH WERE AVAILABLE IN THE MARKET, AND FOUR WHICH
REQUIRED DEVELOPMENT BY THE McBer TEST DEsiGNERs. TaBLE |
IS A DESCRIPTION OF [HESE TESTS BY FUNCTION AND NAME, AND
INDICATES WHICH ARE THOSE AVAILABLE FROM STANDARD TESTS

AVAILABLE IN THE MARKET, AND WHICH ARE THE RESULT OF McBer
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DEVELOPMENT, THE OUTCOME OF THE PILOT TESTS OF THESE
MEASURES, AND A MORE ELABORATE AND COMPLETE DISCUSSION
OF THE CONSTRUCTION OF THE NEW MEASURES MAY BE OBTAINED
FroM THE CHIEF OF NAVAL PERSONNEL If DESIRED.

TABLE |

Tests, THEIR FORMAT, AND COMPETENCIES TESTED FOR IN THE

Navy LEADERSHIP AND MANAGEMENT SkiILLS TEST BATTERY

1EST
STroNG-CAMPBELL
INTEREST INVENTORY

PicTure STORY
Exercise

EQRMAT

RATE YOUR PREFER-
ENCES ON A NUMBER
OF DIMENSIONS

WRITE IMAGINATIVE
STORIES TO EACH OF
SIX PICTURES

78

COMPETENCIES
TecunicaL Pro-
BLEM SOLVING

CoNcERN FOR A-
CHIEVEMENT TALES
IniTiaTIvVE Has
CONCERN FOR IN-
FLUENCE, HAs
SELF-CONTROL
ACTS IMPULSIVELY




TESTS WHICH EXIST (CONTINUED)

IEST EQRMAT
Work ANALYSIS EXPRESS YOUR WORK
QUESTIONNAIRE PREFERENCES ON A

SERIES OF STATE-
MENTS
ORGANTZATIONAL DesCRIBE AN
CLIMATE SURVEY IDEAL WORK CLi-
QUESTIONNAIRE MATE FOR YOU BY
RESPONDING TO A
SERIES OF STATE-
MENTS
IESTS WHICH WERE DEVELOPED
IEST EQRMAT

LISTENING AND

CounseLING, PArT |

LISTENING AND

CounseLING, PART 1!

WRITE OUT ANS-
WERS ABOUT TAPED
VOICE EXCERPTS
AND ABOUT PIC-
TURES

ANSWER QUEST1OMS
AFTER HEARING'
EACH OF FOUR
MONOLOGUES
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COMPETENCIES
CONCERN FOR
ACHIEVEMENT
CONCERN FOR
INFLUENCE

CONCERN FOR
ACHIEVEMENT
CONCERN FOR
INFLUENCE

COMPETENCIES
LISTENS
UNDERSTANDS
HeLrs

"LISTENS

UNDERSTANDS
Has PosiTive
EXPECTATIONS
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JESTS WHICH WERF DEVELOPED (ConTinueo)

IEST
MANAGEMENT OF
ProBLEMS TEST

MANAGER AL
StyLE
QUESTIONNAIRE

PLANNING
EXERCISE

EQRMAT

CHOOSE THE THREE
PREFERRED RESPONSES
OUT OF SIX RESPONSES
GIVEN FOR EACH OF
TWENTY SITUATIONS,

GIVE EACH OF THREE
RESPONSES TO A SER-
1ES OF SENTENCES A
PREFERRED NUMBER OF
POINTS

FIND THE MOST
EFFICIENT SCHEDULE
FOR A SERIES OF
TASKS

COMPETENEIES

INFLUENCES

Team BuiLps

Directs {(AutHol-
TARIAN)
ResoLves Con-
FLICTS

Coerces

FaiLs 1o ResoLve
ConFLICTS

CoAcHES

REWARD'S

PLANS AND
ORGANIZES
DELEGATES

MoNiToRs ResuLTs
Gives FeeDsAcKk
PUNISHES

. PLANS AND

ORGANIZES




N o T T S ST

To SUMMARIZE, WE MAY SAY THAT FOR THE FIRST TIME IN
THE NAVY THERE HAS BEEN DESCRIBED THROUGH VALID RESEARCH‘
A CET OF COMPETENCIES, THAT IS, SKILLS AND CHARACTERISTICS, ~
WHICH ARE DEMONSTRATABLY CAPABLE OF DISCRIMINATING BETWEEN g
SUPERIOR AND AVERAGE LZADERS AND MANAGERS AMONG NAVAL
OFFICERS AND PETTY OFFICERS, AND WHICH CAN THEREFORE BE ;
RELIABLY USED AS A DATA BASE FOR THE DEVELOPMENT OF TRAIN- ?

ING PROGRA::'S IN LEATE-SHIP AND MANAGEMENT, INCLUDING THE !
INSTRUMENTS FOR Twe IE*"'IREMENT OF ACHIEVEMENT OF THE
REQUIRED BEHAVIOw. FCR L0.D LEADERSHIP AND MANAGEMENT IN
THE Navy, THE Bureau of NAvAL PERSONNEL, THROUGH THE WORK
OF THEIR CONTRACTOR, THE McBer AnD CoMPANY OF BOSTGON, ARE
CURRENTLY DEVELOPING LEADERSHIP AND MANAGEMENT TRAINING
PROGRAMS AT A NUMBER OF ACCESSION POINTS AND GRADE LEVELS
OF NAVAL : ZRSONNEL, AND THE ilAvAL EDUCATION AND TRAINING
COMMAND, TO BE LATER CHARGED WITH THE RESPONSIBILITY FOR
THE IMPLEMENTATION OF THESE PROGRAMS, IS CAREFULLY MONITOR-
ING THE PROCESS., INITIAL IMPLEMENTATION IS PLANNED TO
COMMENCE IN 1978,
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TESTING IN THE AFMET PROGRAM
wWallace Bloom, Ph.D.
Wilford Hall USAF Medical Center

Introduction: Premature termination oi military service is
often caused by psychological problems that existed prior to service
and led to poor emotional adaptation to military life. There has
been previous research towards the develcpment of an objectively
scored questionnaire capable of discriminating between individuals
who will develop emotional or characterological difficulties during
training and those who will successfully adjust to military life.
Danjelson and Clark (1954) astudied a sample of 15,550 Army recruits;
Jensen's (1964) 82-item questionnaire had been given to 9,194 Air
Force recruits, and Plag (1962) used a 195-item questionnaire on
20,000 Navy recruits. LaChar, et al (1974) reported on a 1972
irvestigation of 14,804 male Alr Force recruits and the evolution
of the history-opinion~interest from (HOI). Guinn, et al (1975)
concluded that the HOI has some practical usefulness as a rough
preliminary screening device. They recommended that use of this
screening device be limited to preliminary screening only and
that addition psychometric and/or psychiatric assessment be
mandatory before any personnei action is recommended.

A proposal for further research and development of a military
adaptability screening test was prepared in 1974 by Captain Charles
I. Bisbee, Major George E., Hargrave, and Colonel John C. Sparks.
The research protocol desianed by the Department of Mencal Health,
Wilford Kall USAF Medical Center, in conjunction with the furgeou,
Air Training Command and other ATC agencies, was implemanted in
June 1975 and identified as AFMET (Air Force Medical Evaluaticn
Test Program). (Bloom, 1977a)

PHASE I: On che arrival day, each airman entering the Air
Force was give: a psychological test. Those identified by computer
scoring as low mental health risks (approximately 93%) continued
basic training without further evaluation.

PHASE Il: By the first day of training, those not identified
as low-risk were called in for individual mental status interviews
with mental healtn technicians and additional psychclogical tests
are given. The reports of these interviews and test3 are reviewed
by a senior clinical psychologist who determined which additional
trainees will now be identified as low-risk 2and did not require
further evaluation.

Presented at the 19th Conference of the Military Testing Association,

Cctober 18, 1977, San Antonio, Texus.
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PHAST III: Usually by the fifth day of trainir;, those airmen
(approximately 2 to 3% of the trainees) not already identified as
lovu-risk were referred to the Mental Hygiene Clinic for further
evalunations. They brought with them reports of behavior obsarvations
and comments from their training squadrons (ATC Form 582). Clinical
mental health interviews were conducted and additional psychological
tests are selected and given on an individual basis as necessary.
Those without serious problems were returned to duty, and the few
identified as being psychotic were referred to the hospital for
treatment and further action. Some showed evidence of specific
character and bLshavior disorders of such a nature as to seriously
impair military performance. They were referred back to their
training squadron commanders with recommendations for administra-
tive separation with medical classification and behavior reports.

A few are recommended for referral to other special agencies. (See
Illustration 1l).

HOI: Phase I testing was limited to the original History Opinion
Inventory (HOI) composed of 100 items that the subject was to
identify as True or False as applied to him. Examples are: I
quit school because 1 wvas failing. 1 was active in sports during
high school. I have been in trouble with the police. I like
hunting very much. Marking was on opscan type answer sheets which
were scored by computer and the names and other identification of
those selected for further testing were contained in the printout
sheets.

In 1975, during the initial days of the project, it was
quickly l.arned tihat the HOI Adaptation Index cutoff sccre of
12 that had identified 12V of the sample in 1972 only identified
Yy of 1v in 1975. It was believed that due to the termination of
the Draft Law and other factors, the new recruits were scoring
significantly differant that the earlier subjecta. The cutoff
score was reduced 4 points. 318,529 basic trainees took the HOI
between June 1 and November 7, 1975, and approximately 6% were
identified for Phase II screening. (Table 1).

. The HOI has two subscales. PEI (Emotinnal Instability)

: consists of 18 scored items and the PDA (Drug Use Admission of
26 scored items. Nine of the items are critical on both sub-
3 scales. In November 1975, the test was reduced from 100 items
to 50 without changing or eliminating any of the scored items.
The five-page booklet was replaced by a one-page card which
could be aligned with the answer sheet to minimize marking
errors. The cutoff score remained unchanged.

On 1 October 1976, the AFMET program shifted from a Research
Project to a Standard Operating Procedure. The HOI test was given
after the first day of training rather than on arrival. The train-
ees would have spent at lcast one night in their dorms, and met
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PHASEZ III: Usually by the fifth day of trainirj, those airmen
(approximately 2 to 3% of the trainees) not already identified as
i low-risk were referred to the Mental Hygiene Clinic for further
evalnations. They brought with them reports of behavior obsarvations
and comments from their training squadrons (ATC Form 582). Clinical

& mental health interviews were conducted and additional psychological
5 tests are selected and given on an individual basis as necessary.
¢ Those without serious problems were returned to duty, and the few

identified as being psychotic were referred to the hospital for
treatment and further action. Some showed evidence of specific
character and Lehavior disorders of such a nature as to seriously
impair military performance. They were referred back to their
training sguadron commanders with recommendations for administra-

. tive separation with medical classification and behavior reports.

3 A few are recommended for referral to other special agencies. (See
3 Illustration 1).

HOI: Phase I testing was limited to the original History Opinion
Inventory (HOI) composed of 100 items that the subject was to
identify as True or False as applied to him. Examples are: I
quit school because 1 was failing. I was active in sports during
high school. I have been in trouble with the police. I like
fiunting very much. Marking was on opscan type answer sheets which
were scored by computer and the names and other identification of
those selected for further testing were contained in the printout
sheets.

In 1975, during the initial days of the project, it was
quickly liarned that the HOI Adaptation Index cutoff sccre of
12 that had identified 12V of the sample in 1972 only identified
k of 1V in 1975. It was believed that due to the termination of
the Draft Law and other factors, the new recruits were scoring
significantly different that the earlier subjecta. The cutoff
score was reduced 4 points. 318,529 basic trainees took the HOI
between June 1 and November 7, 1975, and approximately 6% were
identified for Phase Il screening. (Table 1).
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The HOI has two subscales. PEI (Emotional Instability)
consists of 18 scored jitems and the PDA (Drug Use Admission of
26 scored irems. Nine of the items are critical on both sub-
scales. In November 1975, the test was reduced from 100 items
to 50 without changing or eliminating any of the scored items.
The five-page booklet was replaced by a one-page card which
could be aligned with the answer sheet to minimize marking
errors. The cutoff score remained unchanged.

On 1 October 1976, the AFMET program shifted from a Research
Project to a Standard Operating Procedure. The HOI test was given
after the first day of training rather than on arrival. The train-
ees would have spent at least one night in their dorms, and met
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their primary instructors prior to taking this test. During a few
trial days, it was founéd that the cutoff score of & points now
identified 22% instead of the approximate 6 to 73 identified from
June 1, 1975 to June 15, 1976. The cutoff score was raised tuw 11
points with daily monitoring to shift it to 12 when the gquota might
be sxceeded. '

MMPI: The selectees’ MMPI responses werc marked on Optiscan sheets,
machine scored, and computer print-outs were returned a day later.
These print-outs were based on a program daveloped by LaChar (1974).
The consolidated data (Standardized Report of Interview (SRI) and
MMPI) were then reviewed by 2 clinica: psycnilogist who dotermined
which "low risk” individuals warranted contiruation in t‘raining
without referral to the Mental Hygiene Clinic for further action.
The others were referred to that clinic.

Approximately 400 subjects were given MMPI's each month
{Bloom, 1977b). As the program continued, it was noted that a
significant number of airmen scored highly elevated MMPI T-scores,
often above 100, but were reported as within normal limivs by the
interviewers. During the first two months of the study, many air-
men with these elevated MMPI scores, but low risk interview reports,
were referred to the Mertai Hygiene Clinic. Further psychiatric
assessment there usually resulted in these airmen's continuction
in basic training. The MMPI norms used were based o the general
Minnesota ncrmal sample (Dahlstrom, et al, 1960, pp 437-8). Curing
July, the MMPI's of 17 year-old airmen were recorded by hand using
the T-score conversions for basic scales without K corrections of
Minnesota Adolescents, age 17 (Dahlstrom, et al, 1972, pp 397-99).
Although extreme T-scores were somewhat less elevated than when
converted the traditional way, it was questioned whether these
norms vere appropriate. It was hypothesized that neither the
traditional adult nor adolescents, age 17 norms were relevant for
judging the MMPI responses of basic airmen.

Subjects: Both male and female recruits in basic training
squadrons were tested rather than the HOIl selectees which might
have been a skewed sample. Entire squadrons were tested during
the period August to Octorer, 1975, Personnel came from all over
the United States. Data was obtained from 1152 males and 805
females.

Procedures: Standard MMPI booklets were used and responses
were marked on Opscan sheets for subsequent machine scoring.
Raw scores for each category were punched on IBM cards and the
data statistically analyzed by the Biometrics Division of the Air
Force Systems Command. The analysis of variance for disproporti-
nate data using a general regression model was based on Grayhill's
work.
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Results: The demographic composition of the Lackland popula-
tion reflected recruit criteria that each must be high school
graduates or pass a GED test equivalent. Only 3.4% of the men and
2.8% of the women were not high schcol graduvates. 12.2% of the
males and 18.9% of the females had reported education beyond
high school level (See Table 2). Ovar eighty (80%) percent were
*Anglo-Americans" (Caucasian), and about ten (10) percent of the
total sample were "Black-Americans”. Further details are shown
on Table 3., Only two-percent of the men, but almost 13 percent of
the women were over 23 years old (See Table 4).

B T .

Meant and Standerd Deviations o1 Basic MMPI factors were
obtained for 1152 male and 805 female perticipants (Se2e Table 5).
Comparisons with traditional MMPI norms for adults revealed
statistically significaunt differences in all scaled except Social
Introversion (0-Si). A second set of analyses between the Lackland
population and the norms of Minnesota Normal Adolescents, age 17,
indicated significant differences in almost all scales (except
Males: Lie, Depression, and lysteria and except Females: Lie and
Paranoia).

Conclusions: Norms for purposes of comparison must be
relevant and will be meaningless or even misleading if they are
not based on groups of people with whom it is sensible to compare
the individualas we are psychologically assessing. Neither the
MMPI norms for Minnesota Adults nor for Minnesota Normal Adoles-
cents age 17, were relevant for comparison with Air Force Basic
Trainees.

The standard MMPI norms were not designed for use with a
young adult military population and characteristics cited by
Hathaway aad Briggs (1957) follow:

VARIABLES LACKLAND MINNESOTA
Geographic National Regional
Age Predominately 17-23 Mean 313
Race Included minorities White
Education 12 or more Mean 9.7 to 19.0
Population

Male 1182 111 to 345

Female 80S 118 to 397

Note varied by scalo

Tested 1978 1940

It was appropriate to establish new norms based on these
individuals and this has been done along with appropriate T-conver-
sions (Tables 6 and 7) and plotting charts (Illustrations 2,3).
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From November 15, 1975 to April 1, 197€ these Lackland MMPI
norme were utilized and along with a sentence completion test as
part of Phase II testing. The MMPI was not used from April 1, 1976
to June 15, 1976 and fewer unnecessary referrale were made to
Phase 111, the Mental Hygiene Clinic. The AFMET '77 program doas
not use the MMPI for Phase II but it is used in some selected indi-
vidual cases at the Mental Hygiene Clinic for Phase III. Formerly
one out of six Phase I1I] selectees were discharged and currently
about one of three. The MMPI proved ineffective for Phase II teat-
ing.

BSCS5: In November 1976, as part of Phase II interviewing the
Bloom Sentence Completion Survey, (BSCS) was given to facilitate
establishing rapport between the trainees and the enlisted mental
health technicians conducting the interviews. Initially intended
to serv2 as an icebreaker for the interview and to provide some
advance information, it was found to take only about 12 minutes
for group testing. The results were read by the interviewer
before the trainee was seen and some key responset were under-
scored and often referred to during the interview. The inter-
viewers later became interested in numerical scoring and were
instructed in identifying each response as positive, neutral, or
negative by categories.

This test (Blo.m, 1975) purports to indicate both positive
ang negativy aspects of attitudes towards: people, physical
sclf, family, psychological self, self-directedress, work, ard
accomplishment in addition to identifying some irritants in each
subject's life., After a week the inter-scorer correlations were
about .90 with rarely more than 4 items scored differently than
by the instructor. After a month, it was rare for them to differ
on more than two of the 35 scored responses. Scoring time was
usually less than seven minutes. For comparison purposes the
scores of random trainees were compiled. These mean scores and
standard deviationa are in Table 8.

The 2879 trainees interviewed at Lackland AFB during Phase II
~. the AFMET research program (January 1, 1976 - June 15, 1976) had:
i ilcal record notes, a standardized report of their interviews on
an opscan type sheet (SRI), a scored sentence completion test, and
in most cases (all those from 2 January 1976 to 1 April 1976) the
computer print-out of each MMPI. 2213 of these trainees were
returned 2o duty in their training squadrons while 666 were sched-
uled for further evaluations ac the Mental Hygiene Clinic. As no%ed
on Table 9, the BSCS composite scores of the returned to duty trainees
averaged B.8450 while that of those referred to Mental Hygiene Clinic
for further evaluation was -.0376. There were statistically signi-
ficant differences on each subscore betweein the group cleared and
those to be further evaluated. These differences as reflected in
the T-scores were so lar.,e that the chances of bei: 3 accidental were
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less than one in a thousand. Of the 666 individuals referred to
Phase III, 532 who were subsequently returned to duty (RTD) had
an aversge composite score of ,3008 while 114 who were discharged
had an average compoaite score of minus 2.0364. The subscores
for attitudes towards physical self, self-directedness and work
vere significantly different.

Conclusions: Of the psychological tests used in the program,
the K0T functioned about as well as predicted as it identified
approximately one-third of the basic trainees given menta! health
dglcharqes. The other two-thirds were referred by the training
squadrons uirectly to the Mental Hygiene Clinic usually after the
10th day of training. The recommendations made about the HOI in
1975 (Guinn et al) are still pertinent with regard to need for
revalidation, special scales for a WAF population and its use in
combination with additional aptitudinal and biographic data avail-
able on all recruits.

The MMPI d4id not wcrk out in AFMET as a screening device at
Phase II level bhut with current Air Force norms appears to hava
use along with other tests on a selected individual basis as
part of diagnosis in Phase 1I1I,

The Bloom Sentence Completion Survey proved useful clinically
as part of the Phase TI interviews and assessment. Statistically
it differentiated between groups of trainees who did or did not
require ‘urther evaluations and between those discharged or
returned to duty. Further research need be undertaken regarding
the composite score of the seven subtests.

Additional research or. the HOI is being conducted by the
Perscnnel Division, Headquarters USAF which has given a version
of ths HOI to over 80,000 subjects at the AFIE ctations and vy
analysis of earlier Lackland data by the Human Remources Lab.
Purther research to follow trainees through their enlistments,
identify those with early ssparations for mental health associa-
ted causes and compare their AFMET test scores, still remains
to be done and the first of the AFMET subjects will not complete
their enlistments until 1979,

During the research year of the AFMET program (June 1, 1975
to June 15, 1976) 80,732 new arrivals were given the HO' through
Phase I of the program; of these 5369 received Phase Ii interviews
and tests which resulted in 1331 being referred to Phase IIl for
further evaluations. rour hundred and forty-tour (444) of these
basic .rainees were discharged (including 79 by squadrons, 59 for
wedi~al recsons, and 306 recommended by Mental Heaith Clinic).

During the operational period Gcotober 1, 1976 to October 1,
1977, reportedly 73,666 went through Phasa I; 4918 were selected
for Phase II; and, 1054 were referred to Phase 1II. Five hundred
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and twelve (512) were recommenaed for discharge througi: the
Mental Hygiene Clinic (Phase IlI) and 308 Phase I1I seclectees were
discharged by other agencies before the AFMET actions could be
completed. Saventeen were discharged by the hospital for mental
health reasons.

The early identification of trainees with significant psycho-
logical problems facilitated their return to their civilian lives
without turther trauma due to military stress and to termination
of further Air Force investment in their training. It has becen
estimated that well over one million dollars has beer saved at
Lackland each year of the AFMET program plus further indirect
savings by curtailment of investments in technical school rrain-
ing for individuals who do not comple’e normal enlistments. The
A{:ETlprogram seems to have benefited both the USAF and the indi-
viduals.
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II.LUSTRATION 3 "

MALE
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Table |
HOI SCORES FOR BASIC TRAINEES
Lackiand Ait Force Base, Texas
June 1 to Novembes 7, 1978
HOI, High Risk Cumulative  Cumulative
Adaplion index Number Number Percent
12and above 299 299 0.78
11 181 480 1.25
10 347 827 2.5
9 557 1,384 3.59
8 (cut off point) 905 2,289 5.94
7 1,619 3.908 10.14
8 1,825 5,733 14.88
5 3,353 9.086 23.58
h 4 4,938 14,204 36.40
1 3 4.742 18,766 46.71
: 2 9.118 27,884 72.37
1 4952 32,836 85.22
(o] 5.693 33.529 100.060
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Table II.

EDUCATION LEVELS OF TRAINEES, LACKLAND MMPI SAMPLZ
AUGUST TO OCTOBIR, 1975

GRADE COMPLETED MALE PIMALS

] 0 o 1 0.1

9 ) . ] 0 0
10 9 o8 12 1,3
11 26 2,3 10 1.2
12 971 84,3 638 78,3
13 82 7.1 18 9.7
14 h} ) 3,0 38 4,7
13 8 ol 9 1,1
16 17 1.9 17 2,1
Post Grad. 13 ol P ol
TOTAL 1132 803

Table iil.

ETHNIC IDENTIFICATION OF TRAINEES, LAC:LAND MMPI SAMNPLR
AUGUST TO OCTOB IR, 1973

MALE PRMALE
ANGLO- AJLER ICANS 999 86,7 656 81,5
BLACK-AM:XICANS 104 9,0 116 14,4
HISPANIC-AMERICANS 33 2.9 2 0.2
OR1ENTAL 12 1.0 22 2,7
OTHER/ UNKNOWN 4 a3 9 1,1
T0TAL 1152 805
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Teble 1v.
AGE OF TRAINEES, LACKLAND MMP] SAMPLE
AUGUSY TO OCTOBER, 1978

AGE MALE FEMALE
FREQUENCY  PERCENT RE

v 13) 15.7 88 10.9
18 515 “.7 272 33.8
19 201 17.4 128 15.9
20 102 8.9 82 10.0
2) 68 5.9 55 6.8
22 33 2.8 3 4.3
23 28 2.5 4 6.
24 16 1.4 25 3.1
25 8 7 20 2.5
26 1 .0 21 2.6
21 0 .0 15 1.8
28-34 1 0 23 2.9
TOTAL 152 805
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TABLE VIII.
SLOCM SENTENCE COMPLEFION SURVEY - ADULT
207 Basic Trainees - Lackland A¥S, TX
July & August 3973
ITEM ANALYSIS OF SEVEN SCALES

SCALE NAME SCALE SCORES
AR c—-ﬂ——.
People ~1.0483 2.0353
Physical Sel? .8019 2.0699
Pamily 1.1304 2.4978
Psychological Self 6322 2,2618
Self-Directedness 1.9517 2.1440
Work 7874 1.8%81
Accomplishment 1.54%9 2.1323
INTER-SCALE CORRELATICKS
1 2 ) ) S 6

1 People 1.0000

2 Physical Self .1285  1.0000

3 Family 1704 1723 1.0000

4 Psychological .2010 « Jhdine 2124 1.0000

Self
5 Seif- L2453% L 26M2% +1022 .4299%¢  1,0000
Directedness

6 Work 1902 .1938 .0768 <2422 « 34918 1.0000

7 Accosplishment .1285 .0387 . 0084 . 2407 39662 1817

NOTE:  *Significant at 5T level of confidrace

*Sigificant at 1X level of confidence
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TABLE IX.

BLOOM SENTENCE COMPLETION SURVEY SOORES
USAF BASIC TRAINEES, LACKXLAND A7B, TX
Jan 1, 1376 to Jun 15, 1976

ALL RTD MHC t
n_= 2879 n_=-2213 _n= 666
S sd 2 sd X od

People ~0.5922 | 1.9806[l1-0.3954 | 1.9232 §~1.2462 } 2.0274 9. 6{*
Physicai Self 0.6544 | 2.25400 0.9440 | 2.1750 § 0.3078 | 2.2447 12.7;..
Yanily 1.2518 | 2.4717 0 1.4867 | 2.3862 4 0.4715 | 2.5878 9.0;.
Psychological Solf 0.0327 | 2.1665§ 0.3814 | 2.0597 §-1.1261 | 2.1087 16.22.
Self Directedness 2.0597 | 2.13440 2.4550 ; 1.9516 |} 0.7462 | 2.1893 13.13.
Work 0.9271 | 1.7902§ 1.1631 | 1.6627 § 0.1426 | 1.9663 12.1?
Accompliskment 2.4429 | 2.1496 0 2.8102 | 1.9118 § 1.2222 | 2.4223

NET SCORES 6.7437 8.8450 -0.0976

Phase [1i~-RTD
n = S22

— 74

x sd

Phase II1-Disch r t
n« 114
X sd

—

-1.3509 | 2.0261 § 0.3588 | 0.6036

People -1.2246 | 2.0271
Physical Self -0,2264 | 2.2621 []-0.7018 | 2.1148 § 4.264%| 2. 06504
Panily 0.4982 | 2.5946 ] 0.3421 | 2.5506 § 0.3054 | 0.5526
Psychological Salf ~1.0960 | 2.1041 §#-1.2719 | 2.1246 § 0.3447 | 0.5871
Self Directedness 0.8442 | 2.1722 27119 | 2.2096 § 6.5201" 2.553:]
Vork 0.2372 § 1.943Y §-0.3158 | 2.0101 7..560? 2.7496

Acconplishment 1.2681 | 2.4629 § 1.0000 | 2.2084 § i.1582 | 1.0723

~2.0364

NET SCOXES 0.3008

* 55.08 Luer KTD - Return to Duty
** p .01 MIC -~ Referred to Mental Hygiene Clinmtc
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DEVELOPMENT OF
A WEIGHTED SELECTION SYSTEN
FOR
THE AFROTC pz:.omssxomu. OFFICER COURSE
by

Lt Col Cavid K. Jackson
Chief, Education Evaluation Division, AFROTC

Mr. M. Meriwether Gordon
Education Special.st, AFROTC

BACXGROUND

In Apri}) 1976, a Quality Working Croup composed ol representativeas
frow the Afr Staff, Alr University, and AFRO-'C convened at Maxwell AFB,
AL, Its goal was to scek alternatives for reversing a perceived down-
ward trend in the quality of AFROTC commissioneccs as reflectod by
fncreasing numbers of commisr{onces with low AFOQT scores and by high
attrition raten in the Undergraduate Flying Training Prograns and in
techaical schoois. The Quality Working Group investigated several
approaches toward improving quality and placed major emphasis on the
develapment of a weighted selection asystem for POC admizsion. Alr
University and AFROTC were tasked to develop a sclection system for
implementatfon on or about 3 January 1977. Initial stages in the
development of the Weighted Professionai Officer Course Selection
Syster (WPSS) involved an favestigation into the types of stundardized
tests used to cvaluate potential quaiffication and various other factors
that might fnfluence sclection of quality individuals., It was decided
that Policy Capture techuiques would be used to develop the Weighted
YOC Selectfon System,

In Octuber, AFROTC convened a board of nine Afr Force officers
and civiliaas (o review the folders of 500 cadets entering the POC in
the 76-77 school year. The board wepbers considered approximately
eighty factors on each cadet in making their selections which were
thea submitted to the Policy Capturing process.

the Afr Force Human Resources Laboratory uscd regression techniques
to analyze the resulting data vn each of the cadets and scores resuiting
from the nine Policy Capture Poard members. Eleven factors were found

- o—

lChr!stal, Raywond E., Selecting a Harem - and Other Applications
of the Policy-Capturing Model, PRL-TR-67-1, March 1967,
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to be significant predictars of the policy actually used by the Policy
Capture Board., These eleven were then subnisted to 8 process known as
Heirarchical Grouping (Hier-Grp),

Hierarchical Crouping (lier-Grp) is desigued to reduce a set of
regression equaticons (also called systems or criteris) computed from
proportional predictor suus of cross products matrices to a siugle
equation. In the procees, a taxoromy of regression equations results,
based on the similarity between the systems. The iterative process
bogine with & given number of sepavate regression equations and, at
each ruccessive {teration, forces s compromise equation to be substi-
tuted for two of the separate oystems, At each iteraticn, a new
cluster of regressjon systems is formed or an existing cluster i3
enlarged so that, {4 the final step, all cquations form a single broad
cluster. The criterion for selecting the two equations is specified
at the start of the program and is used ot every step of the program.

Through the process of Hier-Grp, Human Resources Laborstory was
able to develop an cquation with the associated wetghts to be applied
to each of the eleven key variables which vhen solved resulted fn a
Quality Index Score (QI$) for ecach applicant.

Table 1 below shows the eleven vaviables with thelir respective
welights and a cooputation of g Quality Index Score basad on a mean
value for cach vaciable and fts percent of the total meore.

TABLE 1

FY 79 wWPSS AND THE ELLVEN VARIABLES
FY 79 wpsS

4

Variable Nean Wt Poiuts Score
AFOQT-C 45.5 0.1381 6.28 { B.4)

SAT 1045.,2 0.0245 25.83 (34.5)

CFPA 27171.3 0.1005 27.87 (37.72)
DET-CDR 3.2 1.7975 5.75 1.7
ASTIN” (Selectivity) 3.5 0.7172 2.51 ( 3.3)
EITC~CPA 224.2 0.0130 2.91 ( 3.9)
AFOQT-Q 47.0 0.0459 2.16 ( 2.9)
PROGRAM 0.6 1.5837 0.95 (1.3
TECH-MAJ 0.4 2.5%49 1.04 (1.4
NR RANKED 36.6 0.0222 o.M (1.1)
DET-RARK 14.7 ~-0.0870 -1.26 {(-1.7)

Quality Iudex Score = 74,383

280ttenberg. R. A. and Christal, R. E., An lterative Technique
for Clustering Criteria Which Rutains Optimum Predictive Efficiency,
WADD-TN~-30, AD 261 615. Lackland AFB, Texas, Personnel Laboratory,
Wright Air Development Division, March 196},

3Astin. Alexander W., Predicting Academic Performance in Collepe,
The Free Press, New York, 1971,
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%5 i These variables were used in making selections for fall 77 ad-
E missions to the advanced program (Professional Officer Course). All
% selections vere made or confirmed centrally at AFROTC, Maxwell AFB,

although the plan was to establiish a Quality Index Score cut-off’

noint that would include about 80X of applicants who could be selected

at the Detachment level, Records of the remaining 202 would be submitted
to MHaxwell AFB for central selection. This would insure that the best

3 of the low-gcoring group would be selected overall rather than just the
best at each detachment,

| RESULTS

l The reaults of the new system to date are encouraging. Subjectively,
Q the Detachment Commanders perceive the system as a voluable tool {or

3 arsessing an applicant's potential for sclection. Because of the

.

system's objectivity and face-validity, it has bLeen vendily accepted

by applicants for the program. A significant advantage of the systen

is that for the firet time sclections are made on a quantified basis
that is standardized on a national leve:. As a result, the competition
is truly national {n scope. The Alr University Board of Visitors placcd
fts approval on the systes in {ts March 77 report when it wrote: "The
quality of cadeta admitted to the ‘unfor awd senfor year progrnum is
substantially enhanced by means of the complex Instruments."

isatipeii Mot s Neaiegiian:

G

The mean scores of those sclected and nen-gelected are po-irayed
in Table 2 along with overall means, and mefns by race and sex. It
may be readily noted that:

B
(S
s

~an

a. DBlack applicants are encountering difficulty {n the competi-
tion, largely because of thelr relatively low standardized test scores.

ot

b. The sclectecs are higheat {n Quantitative eptitude, as
mcasured by the AFOQT. (This is probably because of the large proportion
of science and technology majors {n the group,.)
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zkir University Board of Visftors, Thirty-Third Mceting, 15 Mar
77. Mirutes and Report of Chairman, (Dr. Arthur G. Hansen).
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TABLE 2

ALL AFROTC APPLICANTS

~-~Caucasian—- Black Other--== ==-==Total-~--

Select Non-Sel Select Non-Sel Select Non-Scl Select Non-Sel
TOTAL APPLICANTS 3835 313 Iz 211 134 28 4302 352
TECH APPLICANTS 1729 46 103 28 61 6 1833 80
2-YR APPLICANTS 2414 191 131 109 57 11 1602 k3 B
&-YR APPLICANTS 2421 122 202 192 77 17 2700 241

MEAN SAT (OONV) 1100.0 837.2 945.4 658.1 1052.0 777.5 1086.5 765.7
MEAN AFOQT-COMP  51.27 13.79 25.25 3.70  39.07 7.29 48.87 9.60
MEAN CPA 285.16 233.80 281.92 235.49 289.84 232.82 285.06 234.39

MEAN AFOQT-QUAN 33,11  2i.17  33.27 10.60 46.65 13.54 51.38 16.74

FEMALE AFROTC APPLICANTS

TOTAL APPLICANTS 640 67 99 70 21 S 60 142
TECH APPLICANTS 150 2 17 ? 4 1 an 10
) 2-YR APPLICANTS 352 56 53 39 11 3 416 98
A-YR APPLICANTS 268 11 46 31 10 2 364 &4

MEAN SAT (OONV) 1059.9 660.4 887.1 626.7 1042.2 798.8 1036.9 743.0
MEAN AFOQT-COMP  38.90 9.43 14.55 3.07  32.19 7.60  35.54 6.23
MEAN GPA 302.02 238.33 30i.88 242,63 307.48 J47.40 302.15 240.77
MEAN APOQT-QUAN  43.71  15.57 26.16 10.07 46.71 19.20 41.51 12.99
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TOTAL APPLICANTS
TECH APPLICANTS
2-YR APPLICANTS
4-YR APPLICANTS
MEAN SAT (CONV)
MEAN AFOQT-COMP
MEAN GPA

MEAN AFOQT-QUAN

TABLE 2 (Cont'd)

MALE ATROTC APPLICANTS

~~Caucasian-— - Black
Select Non~-Sel Select Non-Sel

3195 2456 234 141

1579 44 86 21
1062 135 78 70
2133 111 156 71

1108.0 830.8 970.0 673.7
53.75 14.97 29.73 4.01
284.79 232,56 273,47 231.94

55.00 22.69 36.28 10.86

106

~==w=Other~~--
Selict Non-Sel
113 23
5 S
46 8
67 15

1053.8 772.9
40,35 7.26
286.56 2.9.65

46.64 10,30

——=-Total~—--
Select Non-Secl
3542 410
1722 70
1186 213
2356 197

1097.2  773.6
51.74 10.77
281.39 232.19

33.49 18.04
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There is some evidence of problems with the system as indicated
by the graph ia Figure 1. The frequuncy distribution of Quality Index
Scores falls into the classic bell curve, risin, and falling in almost
perfect, stair-case increments until it arrives at QIS 63--which was
the cut-off point. Tiere fs a drastic rise in frequency just above
63 and an equally drastic drop just below it. Thereasors for this
asymmetry are not known; however, ths cause is under ceontinued
analysis.

Figure' 1

i FREQUENCY OF QUALITY INDEX SCORE

* Mpplicests fer arsowc
IMvencod Prwgsen)

¢ Betectment CO fating of
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The rise iy overall quality as a vesult of the {irst application
of the new system is clearly demonstrated ia Figure 2. The rise ia the
Mean Officer Qualisy Rco-e from 41,5 in Academic Year 76~77 to 48.8 in
Academic Year 77-78¢ (7.3 jvints) uas amaller than anticipated but does
not tell the entire story. Move sigaificant is the redistribution of
frequencies within the groun resultiag in a drop among those with scores
below 25 from 35.8% to 21.7X. Moveover, it is now certain that those
with low scores remaining have other mitigating traits.

Figure 2

UPPER AND LOWER 0OQC QUARTILE
X DISTRIBUTION + OVERALL MEANS

WPSS SELECTEES AY 77-78
(AS 300) LESS DROPS

Jz ~9.-Lz ” n.laz
.82 i

AY 76-77 {(AS 300) 0QC

26,02

[ 90

85

80

13

20
15
35.82 10 21,712

{ 0% |
19. 482 7.?2

e

AY 76-77 YEAN = 41.5 AY 77-78 MEAN = 4¥4.8
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Table 3 looks at distributions of Cumulative Grade Point Averages
for the WPSS selectees as compared to the AY 76/77 group. AS 300 further
reveals that the distribution of higher GPA's has increased while the
distribution of lower GPA's has decreased. This is clearly another indication
that the WPSS is enhancing the quality of cadets who enter tha POC this
fall,or the AS 300 class of AY 77/78.

TABLE 3
COMPARISCN OF GROUPED GPA DATA ON 76-77 ENROLLEES VS WPSS SELECTEES
16/17
AS 30K WPSS Selectees
£ 1 £ X
3.75 - 4.00 107 3.5 205 4.
3.50 - 3,74 168 5.4 341 8.2
3.25 - 3.49 283 412 o 445 0.7 Y*
3.00 - 3.24 436 14.1 669 16.
2.75 - 2.99 402 15.9 679 16.4
2.50 - 2.74 563 18.2 680 16.4
2,25 - 2.49 $10 16.5 576 13.9
Z-M - 2.2“ ‘20 1306 4” 100‘
lo’S - 1099 92 3.0 97 2.3
1.50 - lo?k X? .5 23 OS
1.49 6 .2 5 .l
3094 100 4150 9.9

In July 1977, a new selection hoard was conducted to test and vali-
date the findings o! the first board as applied through the systea. The
same care was taken to insure that board members were representative of
all aspectz of thy AFROTC Program. Seclections for the fall class had--
for the moat part--alrcady been made, but records of a vepresentativa
random sample of all applicants were furnished the board as if the
selecticas were yet to be made. The board members were not given the
Quality Index Scores but were givon all the dats from which the scores
were comfuted. They were also given copies of the applicant's college
tranasripts, and PAS's weve allowed to provide u letter in the applicant's
behalf {f th;z so desired. The findings of the board were again submitted
to regreasion’ and Hicrarchical Grouping (Hier-Grp) procedures.

sgle. Norman H.; Hull, C. Hadla{; Jenkins, Jean G.; Steinbrenner,
Karin; Brent, Dale H., Statistic. i Package for the Social Sciences,
2nd Edftfon, McGraw-lifll Bock Co., 1975.
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The new weights and the influence they exerted on the total score in
comparison with the old ones are listed in Table &

TABLE &

FY 76 SYSTEM COMPARED WITH 77 REVALIDATION RESULTS

cem==FY 79 WPSS-~==m- mmmee=77 BOARD-====-
p 4 p 4
VARIARLE Mean Wt Points Score Wt Points  Score
AFOQT-C 45.5 0.1381 6.28 ( 8.4) 0.1498 7.73 (9.%)

SAT 1054.2  0.0245  25.83 (34.5) 0.0249 26.25 (31.5)
GPA 217.3  0.1005  27.87 (37.2) 0.0894 24.79 (29.8)

DET-CDR 3.2 1,795 5.75 (7.7) 6.2485 20.00 (24.0)
ASTIN 3.5 0.7172 2.51 ( 3.3) 0.7614 2.66 ( 3.2)
ROTC-GPA 226.2  0.0:20 2.91 ( 3.9) 0.0046 1.03 (1.2)
AFOQT-Q 47.0  0.0459 2.16 ( 2.7) 0.0378 1.78 ( 2.1)
PROGRAM 0.6 1.5837 0.95 ( 1.3) -0.2926 -0.18 (-0
TECH-MAJ 0.4  2.5949 1.94 ( 1.4) 2.9426 1.18 ( 1.4)
Nt RANKED 36.6 0.0222 0.8} ( 1.1) 0.1126 4.16 { 5.9)
DET-KANK l«,7 -0.0870 -1.28 (-1.7) -0.41%2 -6.10 (=7.3)

The new weighis presented some anomalies and rafsed some serfous
problems. First, the drautic change in the fnfluence of the Detachment
Comnander's rating {rom 7.7%7 to 24.0% scemed to amount (o a complete
shift of policy from the f{ist board to the second. Morcover, the
new weight afforded the Betachaent Commander's rating was largely
dravn from the weights previously assigned to the SAT and GPA--messures
rore neatly vaiid acrusa institutional linesa.

Secoud, the slightly negative weight assigned the “Progran
variable scemed fllogical even though negligible. AFROTC can havdly
afford to penalfze cnrollees {n fts four~-year program even by 10/i100ths
of a point.

For these reasons, AFROTC decided to adhere to the weights derived
from the firs: board and to ignore the findinga of the second. The only
change will be to round the weights (v two decimal places instead of the
present four and to compute future Quality Index Scores to only two
decimal places. Thia will considerably sfmplify the computatfon and will
cause only a minimal change among those selected, The modified system
to be imple~ented 1 Novesmber 1977 is displayed in Table .

1o
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TABLE 5

FY 79 FOUR AND TWO DIGIT COMPARED

-~ reme=l DIGITS =2 DIGIT-=mwwew
4 4

VARIABLE Mean Wt Points  Score Wt Points Scove

AFOQT-C 45.5 0.1381 ¢.28 { 8.4) 0.4 6.37 (9.2)

SAT 1054.2  0.0245 25.83 (34.5) 0.02 21.08 (30.4)

CPA 277.3  0.1005 27.87 (37.2) 0.10 27.713 (39.9)

DET CDR 3.2 1.7975 5.75 (7.7) 1.80 5.76 ( 8.3)

ASTIN 3.5 0.172 2.51 (3.3) 0.72 2.52 ( 3.6)

ROTC-GPA 224.2  0.0130 2.91 ( 3,9) 0.01 2.2¢ ( 3.2)

AFOQT-Q 47.0 0.00459 2,16 (1.9) 9.05 2.35 ( 3.4)

PROGRAM 0.6 1.5837 0.9% ( 1.3) 1.58 ¢.95 { 1.4)

TECH-MAL 0.4  2.5949 1.04 (1.4) 2,43 1.04 ( 1.9)

Hr RANKED 36.6 0.0222 0.81 ¢1.1) 0.02 0.73 (1.0)

DET RANX 14,7 -0,0870 -1,28 (-1.7) -0.09 ~1.32 (1.9)
QIS =« 74.83 QIS = 69.45

AFROTC wiil continue to monitor and adjust the system as necessary,
The preliminary indications are encouraging, however, the real valuc of
the system will not be known for several years; when attrstion rates
for UFT, mis=zils school and other tech schoola can be conmpared with
accessions of new officers enteving active duty under these criteria.
AFROTC {8 sure, however, that this systes will produce a better Afr
Yorce offfcer. The Weighted Profensional Off{cer Course Selection
System represents an equitable and workable method of selecting future
Afr Force officers. The results to date {ndicate that improvements in
quality have been wade.
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Military Testing Association Conference
17-21 October 1977

Fitness Assessment for Entry into the Service -
A Two Edged Sword?

Dennis M. Kowal, CPT, MSC, Ph.D. and James A. Vogel, Ph.D.
US Army Research Institute of Envirormental Medicine
Natick, Massachusetts 01760

The Armed Forces are considering supplementing the present entry
medical examination with an evaluation of physical fitness (stamina ans
muscle strength). Thus, new enlistees would be required to meet a
minimm standard for entry into the service plus an appropriate stan-
dard for particular job specialty assignments. This prcposal is based
on the growing concern for the high attrition during initial training
and the inabllity of sume enlistees to physically perform their miiitary
job speciaities after assigrment to their units. On the other hand,
there is also a concern that additional screening at enlistment will
further aggrevate the anticipated shortfall in Armed Foross enlistment
requirements., In response to the above requirement, the US Army Research
Institute of Envircmental Madicine has developad methodology for the
assesament of physical fitness (work capacity) that would be suitable for
use in Armed Forces Entrance Examination Stations. We now plan to eval-
uate the usefulness Of this fitness test battery in a pilot study which
will determine itz abilitv to predict physical performance in the service.
Qur uitimate cbjective is to improve our personal selection and classi-
fication proceCures for entry into the services without sexual discrim-
ination.

Our proposed physical fitness test battery includes the following
camponents: a) stanina (cardiopulmonary endurance or aevobic fitness):
b) mincle ztrength of upper torso, trunk and legs: ¢) muscle strength
endirance of upper torso and trunk; anx! d) coordination.

The selection of these measures was based on: a) their reliability
of measureent; b) face validity as components involved in task per-
formance; ¢) simplicity and ease of mpasurement; d) minimal aguipment;
and e) suitability for predicting actual physical performance in the
jcb situation.

Stamina or aercbic fitness is moasured with the use of a three load
stepping test to predict maximal axygen uptake fram the exercise heart
rate response (1,2). The test consists of stepping at a rate of 30

steps per minute at 3 of 4 possible step heights (depending on height
of subject): 4, 8, 12 and 16 inches. Stepping continues for 3 minutes

N2
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at each step and proceeds immediately to the next step without rest.
Heart rate is recorded electrocardiographically with paper sti~k-on
electrodes and a cardiotachameter with a digital meter display. The
heart rates at the end of each load are applied to a narmogram to pre-
dict maximal oxygen uptake based on the near linear relationship between
heart rate and oxygen uptake and the age-maximal heart rate relation (3).

A device has been designed and built after the design of Asmussen
(4) and Hermansen (S) which is used to make isametric strength measures
of all three muscle groups previously mentioned. The device employs
cable tensiameters, a spring-tengion device that indicates kilograms
of force placed on it by a cable attached between it and the muscle
group Of the subject. For the upper torso (shoulder-arm) muscle group,
the subject is placed in a sitting position secured with a lap belt, and
grasps an overhead bar so that his elbow makes a 90 degree band and the
amm is parallel to the floor. The bar is connected to the cable tensio-
meter to record exerted force. Pbrmelegmscleqrwp.gambject
remains in the sitting pogition, and his legs flexed at 90~ at the knee
with his feet pushing against a bar, also connected to a tensiometer.
For the trunk extensor muscle group, the subject stands facing an up~
right bar containing a brace plate and a shoulder strap connected +o a
tensiameter. The subject bends back against the shoulder strap, All
three muscle group strengths are recorded by having the subject exert
maximally (isametrically) for 3 seconds., Three trails are perfommwes.

Miscle strength endurance will be measured with bent-leg sit-ups.
The maximal mumber of sit-ups that can be periormed in a 60 second
reriod will be recorded. Upper torso strength encurance (shoulders and
amms) will be tested with the flex-arm hang. In this test the paximm
time is recorded that the subject can hang suspended from a bar, with
their chin above th2 bar, hands grasping the bar,

Whole body or arm-leg coordination will be evaluated with a ladder
climb test. The maximum number of rungs traversed of a 10 foot vertical
ladder in 2¢ seconds is recorded.

Additional data to be collected along with tie battery are:
aj body size and body fat estimation; b) physical activity history; and
c) a self report on responses to demanding situations.

A pilot study to evaluate this test battery will be conducted from
January to June 1978 at the Training Center at Fort Jackson, SC. The
purpose of the study is vo: a) evaluate the ability of the proposed
physical fiuwss *28t battery to predict subsequent physical performance
during basic BT) an® advanced individual training (AIT); and b) which
can be used for MOS aszigrment purposes (joo profiling). Each oamponent
of the battery will be evaluated for its predictive validity for the
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s 3 criterion referenced perfamances. Tne first criterion performance will

.‘: ‘ be the new Amy Physical Fitness Test which is administere’ during BT

: and AIT. This is a 3 event test: 1 mile run, sit-ups, push-ups. The
second oriterion performance measure consists of the Army basic ocamon
- soldiering tasks: S mile road march, dig emplacement, 50 pound-50 meter
b lift and carry, hand grenade throw, 75 meter crawl, 75 meter interrupted
rush, Other data to be collected will include sick call incidence,
recycling and drop-ocut infcrmation and military performance measures.

‘The study design includes the initial evaluation of 1600 new basic
trainees on the fitness test hattery during the fill week of hasic
training. Criterion perfonmance measure data will be collected as
these individuals are followed through basic and advanoced individual
training, The Amy fitnees “ost is performed at the middle and end of
BT and AIT, The comon soldiering tasks will be performed at the end
3 of BT and AI?’. Upon campletion of the data oollection, a multiple re-
aression analyuis will be performed to specify the ombination of factors
i (items on the test battery) that best differentiate between successful
vs unsuccessful individuals in BT and AT,
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Enhancing Quality Control in the
Testing of Military Applicants
M. A. Pischl
Robert M. Ross
U. S. Army Research Institute for

the Behavioral and 3ocial Sciences

ABSTRACT

This paper acknowledges that there are diverse sources of urror
which must be controiled in order for aptitude tests to havs substan-
tial validity, discusses many of the sources, and describes a highly
cost-effective procedure for immediate verification of the veridicality
of operational test scores.

INTRODUCTION

There are both lasting and temporary, ganeral and specific, charac-
teristics that cause the aptitude test score an individual attains to
vary from his theoretical true score. For purposes of prediction in se-
lection and classification through the use of testing, all reasons that
would increase this variance over a group may be coneidered error.

Such semi-~permanent influences as the ability to deal with instruc~
tions on teats, or general examinee strategies for ansvering test
questions, vary widely with i{pdividuals. The services have used several
means as attempts to reduce er’or attributable to this "test wisennss".
Instructions are easy to understand and are targetcd tc low levels of
reading abiiity, and -ample test items and sample instructions are pro-
vided in an information pamphlet intended to familiarize everyone con-
cerned with the nature of the test.

Temporary influences on test scores may also affect measurement., A
person's physical and emotional conditicn, and the physical testing
onvironment may csuse variastion from true scores. To reduce these tem-
porary effects that add to measurement error, care is taken to excuse
{rom the testing session persons who are clearly 111 or excesaively
fatigued, or persons vho are disturbing others; and there are regula-
tions that prohibit testing long hours without breaks or testing in places
without propar conditions of lighting and temperature.
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Scoring «nd recording errors occur either as transitory human
errors or, at tines, as semi-permanent conditions when, for example,
an undetected malfunction develops in equipment used to score i@sid.,
Generally the variaty of scoring aids now used in Armed Forces Ex-
amining and Entrance Stations (AFEES), fncluding optical scanning,
provide not only error reduction, but time savings as well.

Another source of measurement error is test compromise. These
measurement errors, rather than being randomly distributed, usually
operate in one direction, to yield overestimates of qualifications.
Although compromise probably does not affect the measurement of very
large numbers of enlistees as could other scasurement errors, its non-
random character msakes test security of great importance.

In the past, the most common means of coping with test compromise
has been by use of altermaty test forms. There are two different types
of alternate forms, and they differ in cost of production snd in the
kind of protection they provide. One type uses the same items, but
arranged in different sequences in diffsrent test booklets. This type
remedies situations in which the compromise has taken the form of ex-
aminees being provided with a key to the correct answers, but not the
content of those ansvers {(for example: la, 2¢, 3d, etc.). This type of
coxpromise is believed to be relatively uncommon., The other type of
altermate test form is very msuch more costly to produce but also very
much more cozprehensive in its protection. It consists of two tests with
sinilar (tut not identical) content, matched in difficulty and other
statistical properties. The protection afforded {s not just for cascs
having the key, but for cases having the full answers to one of the forms.
Both of the two typer of alternate test form are now used in the tes:
quality control progrims of the servicas.

The parallel forss approach provides reasonable protection, but at
an extremely high cost uf preduction. That appro.ch also does not, in
and of itself, identify cases of suspect scores,

The prasent, papar describes an alternative approach to tect qualicy
control, one vhich involves ainimum test development costs as well as
ninisun examining time on site.

AFPROACH

The objective of this development was to provide an operational
tool to detect & substantial percentige of enlistment qualification test
compromise csses. The general stratogy was to capitualize on vhat is
known or can be deduced logically concerning the differentizl compro-
mise vulnerability of the various parts of the battery (ASVAB), and to
combine that information with inown stitistical relatfouships among the

subtests as as to "flag” highly unusual sccre patterns for subsequent
followup.
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Operational sxperience haz shiown that the main target for com-
promise has baen the AFQT portion of the test battery. APQYT has been
in joint services use the longes:, for some of the services AFQT is
the principal selection atandard, and the nature of its contents—-
vocabulary, arithmetic problems, and geometric figures--are generally
the best known of all military tests.

Within the AFQT portion of the battery, experience has indicated
that, 1f compromise takes place, the compromise involves the vocabulary
items by far and sway the most frequently of all. This is not sur-
prising inasmuch as vocabulary words are eusy to remember and to look
up after the examination. The other two subtests do not lend themsclves
to this kind of compromise; the arithmetic problems are relatively long
prose parsgraphs and there is no readily available sovrce of the right
answers as there is with a dictionary, and the totally pictorial test of
spatial relations is nearly impossible to compromise through memory, and
again, there is ro "dictionary" availabdle.

Given (1) that Word Knowledge may be the kay ASVAB subtest compro-
nised, that (2) the other components are relatively hard to compromise,
and that (2) the psychometric relationships zmong these subtests are
stable and known: LIKELY COMPROMISE CAN BE DETECTED BY COMPARING DIS-
CREPANCIES IN SCORE BETWEEN THE WORD KNOWLZDGE SUBTEST AND ONE OR BOTH
OF THE OTHER AFQT COMPONENTS (Arithmetic Reasoning, Space Perception).

A )

IMPLEMENTATION

eran s .

The numeric values needed to begin to implement the logic of this
approach werc derived from a national sample of 1,000 AFEES applicants
drawn in January 1976. These 1,000 cases were stratified on AFQT to
conform tuv the standard mobilization reference population, and the sta-
tistics shown in Tabie 1 were obtained. As may be seen, the corralation
of Word Knowledge (WK) with Space Perception (SP) is 0.43. This means
that fairly sizeable score discrepancies between WK and SP can be ex-
pected just by chance. On the other hand, the correiatfon oi WK with
Arithmetic Reasoning (AR) is high enough to be usadie, 0.68. /a2 an
aside, the correlation of WK with the sum of AR and SP is no higher than
the WK/AR ccrrelation and, if used operationally, obtaining the AR/SP
sum would involve an extra hand computation a: operational testing sites.
Ax a rerult, development focused on use of the WK/AR discrepance as
being technically as sound, and operationally more feasible.

R e I

e Rt

Tha intention was to develop a procedure which would "flag", as
suspicious, cases in which the WK score exceeled the AR score by mwore
than an expected number of points. The regression line of AR on WK
can predict the expected WK score from any AR score. The prediction
has tolerance bounds defined by the standari error of estimate of WK on
AR and the level of significance \alpha) selected. A one - tafled
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TABLE 1
STATISTICAL DESCRIPTION OF AFQT SUBTESTS OF ASVAB-6
N = 1000 AFEES APPLICANTS TESTED
IN JAUARY 1976

CORRELATION

SUBTESTS
AL S.D,  WITHWK

—e——

WORD KNDRLEDGE. (), 30 ITEMS 5 75 -

ARITHFETIC REASNING (AR, 20 ITEMS 1.7 4.8 0.68

SPACE PERCEPTICH (SP), 20 ITEMS 10,3 4.1 0.43
STADARD ERFGR OF STIMATE OF WK ON AR = 5.5
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alpha ieval of p ¥ 0.16 (i.e., one sigma) vas chosen in consid:iiation
of maximizing detectability for subsequent followup. This vesulted in
identifying 11 score points as the size of the WK/AR discrepancy which
would "flag" unusual cases. That is, knowing that WK and AR correlate
0.68, in a fair test & very small percentage of individuals (fewer

than 16X) would be expected to exhibit a WK score 1l or more points

larger than their AR score. Those who do, must be considered unusual.

A group exhibiting the unusual gcore pattern, consists of two types
of individuals, (1) those for whom the abilities measured by tha WK
subtest are truly well in excess of their abilities in the domains mea-
sured by AR, and (2) thcse whose WK scores are artificially inflated
through some breech of taest security. The next step then, is to sort
these tynes apart.

The simplast way to sort the compromise cases from the genuine,
though unusual, ones, i{s to administer a 10-minute retest consisting of
known .ecure WK items, and to compare performance on the WK retest with
parformance on the original Wi. For some of these, the original WK score
vill replicate, plus or minus a calculable chance effect; for some, the
second WX score will be so much lower as to be virtuully unexplainable
through normal chance veriation.

Just as the initial screen utilize} the values shown in Table 1 to
define the critical WK/AR difference, values in the same Table plus those
in Table 2, were used to set the chance limits for the WK 1/WK 2 differ-
ence. For this step & relatively low alpha level (p%$0.01) waz set to mini-
mize the risk of false accusation and to identify cases virtually unex-
plainable by the hypothesis of chance variation. When rav scores are
convarted to percantages so as to coutrol for the different test lengtls,
the critical (one-sided) difference of WK { minus WK 2 vas deteimined to
be 26 points, and individuals exhiditing a larger difference are iden-
tified s> wost likely having received improper pretest assistance.

EMPIRIVAL TEST

In the Spring of 1976 a sample of 111 enlistees who had bzen teated
with ASVAB-6 at AFEES wvas retested at the Ft. Jackson, SC, Reception Sta-
tion with ACA-73. ACB-73 contains WK and AR snhtests, and was the Army's
basis for computing AFQT ascores until replaced by ASVAR-6 and -7 {n
January 1976. At the time the test sample was drawn, ACA-73 was no
longer operational and, hence, its WK subtest could be lonked upon as com-
pletely secure.

The first step in the test was to calculate the one-sided difference
of ASVAB-6 WK minus AR, and to refer it to ths specified critical
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TABLE 2
STATISTICAL DESCRIPTION OF WORD KNOWLEDGE SUBTEST IN ACB-73

CORRELATICN WITH
MIMBER OF ITEMS M S.D, PVAB-6 WK

m 1’.‘.08 ‘4.6 0076
STADARD ERROR OF ESTIMATE OF ASVAB-6 YK ON AC3-73 WK = 3,0
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difference of 1l points. 1~

The second step was to calculate the one~sided difference of
ASVAB-5 WX minus ACB~73 WK, und refer that difference to the specified
critical difference of 26 percentage points. This procedure identi-
fied 11 o the 20, ot SSZ)as highly suspect compromise cases. These
and other importent relationships are summarized in Table 3. As way be
seen, if 100X of the sanpie had been retested on the secure WK, 23 cases
would have been identified as nighly suspect. Retest of only 18X of this
sauple identified 11 of the 23, or 48%; that i3, vetest of fewer than
203 of the sample "caught" almost half of the compromise cas:s.

A final empirical test was performed to assure wiximuw certsainty
of the percentage of the input which would have to be retested under
the rule of WK-AR = 10 points. It may be recalled that 10 points im-
plements an alpha level of a little larger than 0.}6 — i.e., a little
over 167 of thu population "flagged” fcy retesting -— and one sample, at
Ft. Jackson, ylelded i8% so "flagged." In uid-1976, another sample of
AFEES data was drawn, of size 500, and the WK minus AR critorion was
agair applied. Results in this sample "flagged" 17X of the cases.

SUMMARY AND COKCLUSIONS

In recognition of the fact that the Word Knowledge subtest is the
most vuluerabje to compromise of all the tests in the relection and
classification battery, a simplified procedure was developed ro detect
WK compromise. The procedure has twe steps:

~) At the time of scoriug the AFQT portion of the battery,
separate those papers in which the AR raw score is legs that 15, and
the WK raw score {s 10 or more poinis greater than thac AR score,
This step wili "€lag", as potentially suspect, some 15% to 20%.

2) To only those "tlagged” ty step one, administer a l0-minute
retest consistiag of o completely secure WK, convert raw scores to
percentage cotrsect i{f neccssary, and separste those papers in which
the WK yetest score {s at least 26 percentage points lower than the
original W¥ score {checklist tsbles can easily be prepared to accom-
plish all conversions and all comparisone with critical cifferences).
This combiunation of setps will identify, as highly suspect, approxi-
vately hxlf of all cases of likely test cowpromise.

lJ/Actually tve modi€ications vere andr. Fi. t for ouvicus aduin-
ist-ative siaplicity, the 11 joint cricical difference wak . hanged to
1),  S=cond. rognizaxce a.so had to be taken of the difference Iin test
long”h betueen WK and ~R. Thus, the full statewent of the rule becawe
thas the K score be vndsy 15 and the di!ffarence ve 10 pointo.

i
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TALE 3
RESULTS OF EMPIRICAL TEST
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An alternative to the two-atep procedure is ro administer the WX
retast to everyone and apply the rule of a 26 percentage noint drop.
This will detect twice the number of compromise cases, but at five to
seven times the cost (that is, retesting 102X of AFEES applicants
instead of between 15 and 20%).

Another alternative is to enlarge the requisite WK/AR differenca
50 as te retest 10 percent of the irput. In cur Frt. Jackson sample,
this detected 30 percent of the likely comproaise cases.

For any of these alternatives, the conclusion may be drawn thzt »
simple and cost-beneficisl procedure for anhancing quality coentrol in
the testing of military applicante has boen develojed.
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EVALUATION OF THE SVIB FOR PREDICTING
CANADIAN MILITARY COLLEGE ATTRITION AND SUCCESS

CAPTAIN Robert W, Walker

Canadian Foroes Persornel Applied Research Unit
Toronto, Ontario

Introiuction

Recruitment and selection by an armed foraoe, combined with
self-selection by the wlunteering candidatms, tend to provide applicants
to the military officer profession who have attitudes congenial to the
military establishment, Nonstheless, candidates disenrol and fail from
military colleges in sufficient nuibars to be vicwed with concem by
military authorities, Such drop-outs vepresent failures in the
transition to officer status via the academies. The problem has been
present throughout the existence of military oolleges, however reomntly
the attrition rate has been alarming. Radway (1971) reported that 33%
of an entcring class at West Point fail to graduate. USAFA reported a
254 attrition rate (Radway, 1571) and Annapolis a 33% attrition rate
(Abrahams and Neumann, 1973). Fonmerly, the major reasong were
acadenic, but have recently been motivaticnal., Attrition is greatest
in the first yuar.

In Canada, the situation is worse, Classes entering the
Canadian Military College systam in the mid-sixties (1964-1967)
approxamated 380 cadets per year. of which approximately 230, or 608,
wluntarily aisenrclled, failed or were released prior to graduation
{O{ficer Career Development Plan, 1972). 1In the 1972-74 period, the
attrition rate for the Royal Military Collage was about 508, As in
the American academies, the largest number of failures and resignaticns
occurred in the firs. year of sponsorship and were mainly motivational
disenrollees.

Most of the cadets who leave the Canadian Military Colleges
tefore being comissionad can be classified as wluntary disenrollees,
acadereic failures and military failures, Comersely, within the
approximave 508 of officer cadets who do graduate and are comuissioned,
varying degrees of military exosllence are cbeerved and assesssd during
the training in the military ooileges.

Ressarch was undertaken to examine the usefulness of the Strong
‘focational Interest Blank (SVIB) both for reducing the attrition of
military college cadets and for predicting military excellence of thoce
cidets retainad in the system,
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Retent.ion in the Military Colleges

Rasearch on mtention in the military colleges is only a small
portion of the total research on retention in the military., Two
recent, comprehensive reviews of the literature applicable to retention
in the military were published by Culclasure (1971) and Tuttle and
Hazel (1974). Culclasure referred to axtansive ressarch conducted by
naval personnel researchers who evaluated the SVIB to determine its
efficacy in resolving retentior problems.

Abrahams, Neumann and Githens (1968a, 1963b) evaluated the
success of the SVIB for selecting naval officer cadet applicants most
likely to remain on active duty bevord the minimum obligatory period.
Their analysis yielded an empirical retention scale that had relatively
higi: validity, high reliability, and low fakahility., Neumann and
Abcahams (1971) and Abrahams and Neumann (1571) also evaluated the SVIB
as a predictor of career motivation, motivational disenrolment and
acadanic failure of naval officer cadets undergoing college educations
in civilian universities. Scales for @ach category of disengagament
were derived that were acceptable for opsrational use.

The major sowrces of research on retention in a military college
are the three major American military academies. Additional resocarch
has been corpleted in the Canadian military oolleges, Throughout,
approaches and techniques vary, reflecting the independence of operations
sy thege institutions.

Abrahams, Neumarn and Denn (1968) devised a sooring key from the
SVIB to differentiate motivational disenrcllees and reswainirg U.5, Naval
Acadesry midshipmen following the initial, non-acsdemic, military summer
training program at the acadamy. Item analysis rewealed C. sters of
itams, including sports, autonomy, leadership and aesthetic interests,
aong others, that differentiated the two groups. An enpirical scale
was devised to identify midshipmen most likely to woluntariiy disaarol.
Abrahans aid Neunann (1973) subsecuently validated the SVIB for
predicting not caly disenrolment but also military aptitude, and three
separate interest scales were empirically developed to predict
motivational disenrolient, academic disenroiment and military aptitule
of naval acadery applicants. The resuits of this research clearly
apported the conclusions that the SVIB was a valid predictor of mid-
shipmen success, that scores on a derived scale were gignificantly
related to midshipmen military aptitude r¢tings, and that the SVIB
scales significantly aided i{n identifying those candidates nost likely
to disenrol, Additional research conducted with the SVIB was ocompletad
by Abrahame, Neunann and Githens (1970}, Neumann ard Abrahans (19°4),
Wolfe (1971), Sards (1975), and Sands and McCullah (1974).

vwest Point iesearchers have investigated various facets of the
cadet. suocess ard failure enigma with varied results: admissions
informaticn (Longo, 1966); cadet interests ani needs (Fishburne, 1967);
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high school faculty ratings (Mclaughlin, 1971a, 1971b); personality
differences (Croes and Cortez, 1971); wocational interests (Marron,
1971a); military attitudes (Marrom, 1971b); admission criteria (Butler,
1973, and Butler and Houstor, 1974); and adjustment reactions (U'Ren,
1974). USAFA has a similar record of diversity in their reeearch, e.qg.,
adiustment problems (Lachar, 1974). In 1974, the Air Force academy
adrinistered the SVIB tc academy applicants, after which the naval
acadeny SVIB disenrolment scale (from Abrahams and Neumann, 1973 was
scored, The reported results (from personal camunication) were highly
statistically significant in predicting voluntary resignations.

Published research on cadet attrition in the Canadian military
oolleges has originated almost totally from Royal Military College:
high school academic marks (Carpenter, 1969); personality factors (Bain,
1972, 1973; Carpentar, 1973, 1974); biographical guestionnaire (Shields,
1973). The conclusions were that the prediction of either distinction
or attrition was an elusive undertaking.,

This overview of the literature on military college cadet
retention, excellence, and disenmlment indicates that the area has been
investigated, but without grsat success. The single psychometric
instranant apparently nost suocessfully employed in specific, military
enviroments is the SVIB, Scales derived from its item bank have
predicted retention in the military oollege,

Method

The two airs of this study were:

(1) To develop empirical scales from the items of the
SVIB to deternine their potantial for predicting
wocational stability (attrition or retention) and
vocational performance (mediocrity or excellence)
in a military college.

{2) To test the validity of these empirical scales through
a croes-validation study on a new sample,

Saples

Two saples of cadets were used, one for validation procedures
arxl one for cross-validation. Tha first sample consisted of 400 cadets
who entered Royal Roads Military College (RRMC), Victoria, B.C.,

Canada 1n 1968, 1969 ancd 1970 with the expectation of corplating two
years at R plus two years at Foyal Military College (RMD), Kigston,
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Ontario, Canada in order to graduate from RMC in 1972, 1973, and 1974
vely. The second saple was 266 cadets who entered RRMC in

1971 and 1972, expecting to graduate from RMC in 1975 and 1976

respectively. All cadets were administered the SVIB on entry.

The Instrument

The Strong Vocational Intérest Blank is an empirically derived
inventory developed by E.K. Strong shortly after World War I. In its
present form (Campbell, 1969), the SVIE for Man consists of 399 items
drawn from several areas of life -~ oocwyations, school subjects,
amsements, kinds of pecple, work situations, etc. There are 54
occupational scales, 22 Basic Interest scales and 8 non-occupational
scales in the SVIB,

Validacion Procedure

In order to develop empirical scales that would discriminate
between groups, it was first nocessary to define refervnce and criterion
yroups. For the final status or disposition categories, the task was
ot difficult., The 49 cadets in the validation sample were classified
as graduated on schadule (N=167), voluntarily disenrolled (N=104),
academically failed Me37), and militarily failed (N=38)., Fitty-four
(12.5%) of the sample did not fit into these categories ani were removed
fram the analysis. In the construction of the scales, the graduates
oconstituted the reference grovp and voluntawy disenrollces or acadenic
failures or military failures constituted the criterion groups, each in

separate analyves.

For the scales constructed to discriminate excellence or
mediocrity in vocational performance, only those cadets reaching fourth
year were used in the analyses. Performance was assessed by academic
grades, military grades and cadet officer appointment level. The
academic mediocrity/excellence categories consisted of a reference group
with third class, pass or borderline academic grades (¥82) and a
criterion yroup with second and first class grades (N=88). The military
grades, determined by cormissioned officers whose primury responsibility
was the care, management and assessment of squadrons of cadets, permitted
the classifiation of cadets into mediocrity and excellence categories,
These consisted of a reference group with military grades of C~, C or
C+ (M=118) wd a criterion group with grades of A or B (N=45),

The calet wing is partially self-requlated by a cadre of fourth
year cadets assigned to "cadet officer appointment” positions. The
cadet holding the highest position is called the Cadet Wirng Commander
{air foroe rank teminology) and wears five stripes or bars on his tunic,
hence holds a S-bar position. Bar positions exist at the 5, 4, 3 and 2-
bar levels. Fourth year cadets n.t selacted for cadet officer appointments
receive no bars. Therefore, for the cadet officer appointment level or
"bars" cateqories, the reference group consisted of fourth year cadets
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between groups. Too few items (e.g., less than 40) reduce reliability
while too many items emphasize chance differences or create unnacessary
recundancy (Campbell, 1971). Carpbell suggested a scale length of not
moze than 100 items and preferably not less than 60, but if necessary,

a minimum of 40. In this project, to ensure that sufficient items

were used while at the same time selecting only items that discriminated
betweenn groups with percentage differences of acceptable magnitude

{ 3 10%, Abrahams and Neumann, 1973), it was ducided that two scales for
eact; of the six critaria would be constructed ~— a 50-item and a 75~item
scale, Therefore, 1: empirical scales were constructed.

The precise method for selecting and then weighting discriminating
items has variel with new developments and new instruments in psychometrics.
In an exceptionally thorough investigation, Sands (1975) developed and
evaluated many item response weighting procedures. For the problems
addressed in his stuty, almost ail of the different weightir~ methods had
easentially the same ability o differentiate between groups. Sands
suggested, therefore, that the sinplest procedures fo:* weighting continue
to be used,

In this project, items showirg differences in percent vesponses
of 3103 between the rcference ard criterion groups were identified and
given unit weights in the appropriate direction. The items werc then
dimensionalized by weighting the ovposite end of the items in the reverse
direction. The Indifferent response was weighted in the appropriate
direction (+1 or -1) if the percentage difference between the criterion
and reference group was about 10% or more, Otherwise, it was given a
weight of 0. Constants of 50 and 75 were added to the 50-item and 75~
item scales respectively to convert all scores to positive values in
scale rangos fram 0 - 100 and O - 150,

Validation of the scales was investigated by applying the scales
to the scale development sample., A comparison of reference group and
criterion group scores for each scale yielded biserial correlations
vhich indicated the scale's validity for predicting the particular
criterion being assessed, As well, expectancy tables were constructed
to demcnstrate graphically the magnitude of relaticnships between the
scale scores and criterion variables,

Crose~validation Procedure

This second phase constituted a cross-validation study on a new
saple to test the validity of any relationships found above (i.e,,
validity generalization). The canparison of predicted and actual outoomes
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in this new sample determined whether the empirical scale development
method could be used to reduce attrition losses in the military college
system,

Validation Phase

Bwirical Scales., Table 1 provides descriptive statistics for
the 12 a&pirical scales constructed. Same-named scales (in the order
listed irn Table 1) of 50~-itam and 75-item lengths oorrelated .950,
.950, .916, .951, .969 and .952, all p £,001, indicating that
considerable redundancy and little benefit resulted from the difference
in scale lengtis.

Discriminating Capacity. The ability of the scales to
discriminate between the criterion groups and the reference qroups was
assessed by calculating biserial correlations as estimates of the
relationship between the scale scores, distributed contimuously, and
the criterion and reference groups, which together constituted a
dichotamous variable, Biserial correzlutions were used instead of point
biserial correlations (Abrahams and Heumann, 1973) since the variables
underlying the dichotomies were asgumad to be continuous and nowmal
(e.g., & continuum of predisposition t. voluntarily disenrol).

For all 12 scales, the biserial correlations were significantly
different from 0, Values ranged from .722 to ,935, which indicated that
the scale scores were distributed significantly differently between
criterion and reference groups, These results were not surprising,
however, since the scales were being applied to the same sanple used to
develop them, This procedure artificially inflated the statistics,
reflecting a relationghip that ocould be expected to shrink in a
cross-validation sample,

The expectancy table in Figure 1 was prepared as an exanple to
deronstrate graphically the magnitude of the relationships between the

scales and the criteria, The expectancy table was constructed by dividing
the scalz soore distributions into quintiles and assessing these quintiles
as to their proportion of caseu from the reference group and the criterion
growp, Figure 1 depicts the incroasing preportion of voluntary dis-
enrollees fourd in each quintile of the scale soore distribution.
Following this example further, for the 75-itam voluntary disenrolment
scale, voluntary disenroliees in the lowest through highest quintiles
constituted approximately 3%, 10%, 24%, 31% and 658 of the quintiles'
population., Only wne of the twelve expectancy tables was presented here
since the trends were very similar across all scales.
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cross-validation Phase

The ability cf the empirical scales to discriminate between
criterion and reference groups in the cross-validation sample was
indicated by the magnitude of the biserial correlations. For 6 of
the 12 scales, the biserial correlations were significantly different
from 0 (Table 2), The two woluntary disenrolment scales possessed the
highest discriminating abilities, the two bars scales the next highest.
The two military performance scales possessed discriminating abilities
that just reached significance. The two academic failure scales, the
two military failure scales and the two acadumic performance scale
failed to discriminate significantly between criterion and reference
groups, Table 2 contains criterion and reference group means, biserial
ourrelztions and significance levels for all twelve scales., The
"shriskage” anticipated fram applying the scales developed in the
validation sample to the cross-validation sample did occur,

Due *o several considerations rot presentad thoroughly in this
paper (e.g., lack of discriminating ability as indicated in expectancy
tables for military performance, the redundancy in szales in that
military performance scales and bars scales were essentizlly measuring
military success, the fact that the bars scales were discriminating
better. etc,), tle dacision was made to drop th» ilitary performance
scales from further oonsideration. This, in esgzence, meant that, for
predicting attrition, the two voluntary (isenroiment scales would be
used and, for predicting military exozilence amng graduates, the two
hars scales would be used. The exroctancy tavles for these scales are
presented in Figures 2 and 3,

Por these four remairing scales, item - scale soore correlations
were calculated to identify those items not contributing significantly
to the scale tntals., Itamns not significantly correlated were ramoved
from the scales, produzing new scales of shorter length (renamad VODI4S,
VG155, BARS4D and BPRS57 to reflect scale length), Biserial
correlations caiculated for these abbreviatad, "purified” scales
indicated that the discriminating abilities of these scales were not
significantly Zrproved.

In the expectancy tables for the revised woluntary disenrolwent
scales (Figure 4;, all distributions in all quintiles ware within & few
percentage points of the samy distributions before the scales ware
revised (Figure 2), For the revised bers scales, the distributions in
the quintiles appeared slightly improved in that the oxtreme cases (() bars
and 4 bars) were bettar distributed across the quintiles., (Compare
Pigures 3 and 5).

Teats of internal oconsistency were conducted using split-half
reliabilitie: to detemmine if revising the scales through r woval of
items not correiated with scale scores had improved the scaleg. For
the VORI45 and VODISS scales. oorrelstions between test halves equalled
.478 and ,582 that, when corrected with the Spearman-Brown formula,
equalled .647 and .735, p .00, compared to ,592 and .567 before
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FIGURE 5

Exzectancx Tables Depicting Likelihood of Pars Associated
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revision. It appeared to be tiie case that scale reliability was
improvad by the scale revisions, as indicated by the reliability co-
efficients, however, the predictive validity of the scales did not
significantly change.

The potential advantage in using the scales for selection
ocould be exemplified nsing the voluntary disenrolinent likelihoods
outlined in Figure 4. Those candidates scoring in the top quintile of
the WDI55 scale were 4 1/2 times more likely to disenrol than
candidates in the bottom quintile, For Figure 5, cardidatas scoring in
the top quintile in the BARS4U scale were 3 times more likely to
achieve 3-bar or 4-bar cadet appointmunts than those scoring in the
bottam quintile.

To identify the psychnlogical traits underlying the differences
in gcale scorzs between criterion and reference groups, factnr analyses
of the scale items were conducted. A principal factors with Varimax
orthogonal rotations factor analytic technique (Nie, et al,, 1979)
was carriad out with the itens in the VODI and BARS scales., The factor
accounting for the largest percentage (29.6%) of variance in the
voluntary disenrolment scale contained 8 1tems concerned with artistic/
assthetic interests (e.qg,, art museum director) which were endorsed as
"liked" by wluntary disenrollees, The second factor, containing 8
itere represmting engineering/mechanical inturests (e.g., electronics
equipment designer) and the third factor, which included military
activities (e.q., miiitary drill), both consisted of items that were
vesponded to in the nogative by .oluntary disenrollees. The fourth
tactor contained ieoms reflecting acceptance of nonconformity in
others (e.q., like, as people, dxydreamsrs, beachoambers) to which
voluntary disenrollees responded positively., The fifth factor included
itens representing military types (e.g., Genera: of the Ammy) to which
voluntary disenrollees responded negatively. Total variance accounted
for by tha first five factors was 85.4%, In all, the candidates opting
for carly disenrolment appeared to have interests that were more
artistic or aesthetic, less mechanical, less oriented toward military
activities and military poople, axd more liberal toward nonconformity.

The five clusters of itans differentiating militarily
excellent cadets from mediocre cadets, according to the bars scales,
were all endarsed more positively by excellent cadets than mediocre
cadets, The Yirst cluster included social-artistic interests {e.g.,
dramatics, psychologist) and the second cluster represented athletic
and recreational leadership (e.q., athletic director). The third
cluster involved social responsibilities (e.g., starting an activity)
while the fourth cluster consisted of itams on teaching and directing
others (e.g., teach children, soout leader). The final cluster involved
items reflecting enterprising endeavours (e.g., stockbroker, corporation
lawer). Collectively, these factors acoounted for 82.9% of the
variance, and indicated that cadets who excelled in the military college
systam, generally, hal more interests in aesthetic, athletic, social
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and erterprising activities, and like to teach and direct others. The
converse appeared to be that mediocre cadets had interests in mechanical
but not assthetic areas, were less interested in athletics, were mure
resarved, ware not enterprising and preferred not to teach or direct
others, Hindsight allowed the observation that these factors basically
identifiad the characteristics desired in a strong lawder: an artistic,
creative, flexible oriertation; physically active and involved:
axtroverted and capable of infusing life into an organization; interested
in teaching or instructing others; and posseesing an enterprising manner
and ability to infiluvence others,

Conclusions

The erpirical scales, developed to predict attrition or
retention, and excellance or mediocrity for retained cadets, shoved a
strong capacity to predict. The scales designed to predict probabilities
for voluntary disenrolment did successfully differentiace betwean cadets
wio did wiuntarily resign and cadets who staya] and graduated, As well,
scparate scales differentiated between mediocrity and excellence in
cadut performance &s indicated by the level of cadet officer appointment
(oars) assignad in fourth year, This research supports the oonclusion
that the SVIB is a valid predictor of military college artrition or of
retantion with excellent performance. On the basis of thes: results,
it is recomended that the SVIB be further investigated for its full
potential to predict early disenrolmet and military excellerce!
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Effects of Test Item Formats on
Difficulty and Reliability

David S. Vaughan, Capt., USAF
ATC Technology Applications Center

and

William Fogarasi, SrA., USAF
USAF Occupational Mesasurement Center

An extensive literature exists concerning construction, validation,
ard use of mental tests. In view of this fact, there is a surprising
lack of research concernirg the actual building blocks of objective
rental tests--test items. Weaman (1971) has pointed out that texts on
maasurement are filled with rules of thumb for construction of test
items, yet little empirical research exists which validate these rules.
Only sparse information is available concerning effects of violating
these rules for item-writing or the strictness with which these rules
should be followed.

One aspect of test item construction which has received same
attention in the litoratare iz item clueing. A multiple-choice item
is clixexd when structural or grammatical faults aid unknowledgeable
examinees to find the correct answer. Several studies have examined
grammatical mismatches between incorrect answers and the stem and items
in which the correct answer is much longer or shorter than the dis-
tractors (Board & Whitney, 1972, and McMorris, Brown, Snyder, & Purzell,
1972, for example). The results of this research hawwe been inconsistent.

Rules concerning *est item formats, such as those suggested by
Adkins (1974}, have also received some study. Several investigators
have studied items which contain respcnses such as "none of above" or
"all of above" (Rimland, 1960; Hughs & Trimble, 1965; Willizmeon &
Hopkins, 1967). Items containing alternatives such as these tend to
be more difficult, but do not differ from control items in other respects.
Furthermore, these results have been inonsistent. Board and whitney
(1972) and Vitola and Cantrell (1961) have studied open~stem items--—
itams in which responses complate the stem, as contrasted with items in
which the stem is a grammatically omplete question. In both of these
studizs, open-stem items were found to be nore difficult than closed-
stem items. Cieutat (1960) found that rote-memory items had both higher
reliabilities and validities tlan application items.

As can be seen, the research results concerning format rules for
multiple-choice test items have been hoth sparse and inconsistent. The
purpose of the present study is to provide further information concerning
the usefulness of several rules that have been proposed for test item
formats. Four item-writing rules are examined here. These item formats
to be tested are (a) multifactor itams—items in which the cmrrect answer
contains several parts, (b) situational items-—jtems which require appli-
cation of knowledge to real-life situations, (c) negative items--items in
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which the examinse mst select the one incorrect answer, ratier than
the one correct answer, and (d) open-stem items. Dependent variables
oxamined are item difficulty and reliability. For each item which was
constructed to have one of the experivental formats in this study, a
control item was written covering parallel ocontent but which was single-
factor, nonsitvational, positive, and closed-stem. Therefore, item
content was coatrolled in tests of the experimenta) formats. This
derign allowed a purer test of the experimental formats.

Method

Twenty-five four-alternative multiple~-choice jtems were constructed
using each of the four experimental formats. The content of these items
was general information in areas such as science, math, English, art,
and history. For each experimental itam, a control item was written
covering, as much as possible, the same2 content. The control items
followed mne of the formats to be tested. Instead, they were positive,
single~-factor, cloemd-stem, and nonsituational. Tables 1 through 4
contain exanples of experimental and matching control items for each
format tested. Two 100-item test forms were compiled from these experi-
mental and control items. Each item appeared on only one form. The
experimental items for each format were divided evenly between the two
: forme. 2An experimental item and its matching control item always were
4 placed on opposite forms, but in the save sequence location.

/. Each test form was administered to approximately 100 airmen who

held grades between E-4 and E-6. The tests were administered under
3 anonymous conditions. Therefore, no data is available concerning the
- age, sex, or ethnic group characteristics of the samples.

Results

For each item, the difficulty was camputed by determining the
proportion of airmen who selectel the correct answer. Three reliability
estimates wece computed for each item. First, the point-biserial
correlation was computed between the score on each item and the total
soore for the test form on which the item appeared. Then each test
form was factor-analyzed. On each test form, an inspection of the
eigenvalues revealed discontinuities at 6 and 11 factors. Therefore,
varimax rotation was applied to both 6~ and ll-factor solutions for
3 each test form, Squared miltiple correlations were used as cammnality
£ estimates. For each item, the factor was identified in each rotated
solution with which the item had the largest correlation. These
largest correlations were used as additicnal estimates of the items'

reliabilities.
Therefore, one difficulty three reliability estima*es were avail-

% able for each item. For each experimental item format, an analysiz »f
variance (ANOVA) was done with each of these four dependent variables.

The reliability estimates were squared before being analyzed. The unit
of analysis in these ANWAs was the individual test item. The independent
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variables were experimental vs control and test form. Because
experimental and centrol items were matched on content but always
appeared on different forms, a latin square design was used in the
ANOVAs., The layout of this design is illustrated in Figure 1. This
design permits both a between-groups test and within-groups tests of
main effects for the two indepesdent variables. Interaction effects
could not be tested with this design. Table 5 contains percents of
variance attributable to each effect for the various ANOVAs and

degrees of freedum. Out of 48 F-ratios computed in the ANOVAs, only
ore was significant at the .05 level. This is probably a chance result.

Discussion and Conclusions

The present results indicate that none of the four test item
formats examined influence either difficulty or reliability, after
item content is controlled. Firdings of Vitola and Cantrell (1961)
oconcerning open-stem items and of Cieutat (1960) concerning applica-
tion items were not replicated.

The present results show that the four item formats tested
should be neither preferred nor avoided in order to control difficulty
or reliability. However, the present results do not preclude the
possibility of format-by-content interaction effects on these depen-
dont variables. Some formats may be more appropriate for some content.
Furthermore, other oonsiderations may dictate preference for or
avoidance of these fornmats in test construction. For example, situ-
ational ita.e may hawe greater ocontent validity than rote mamory items
and therefore might be preferred when content validity is important.
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Table 1

Sanple Test Items -

Experimental

Ordinary table salt is made wp of
what elements?

a.
b.
c.
d.

Chlorine and magneuium
Potaseium and magnesium
Potassium and sodium
Chilorine and sodium

1f 2x/y = 10, which of the fol-
lowirk, valies for x and y are
correct?

a.
b.
c.
d.

X XXX
¥ % 358
et
n
-
(9
L]
wv

wWhat state was the most recent
to enter the Union, and in what
year did it enter?

a.
b.
c.
d.

Alaska in 1959
Hawaii in 1959
Alaska in 1960
Hawaii in 1960

149

Multifactor

Centrol

Ordinary table salt contains
which one of the following elements?

a. Chlorine
b, Fluworine

c. Magnesium
d. Potassium

1f 2x/4 = 10, what value for X
is ocorrect?

a. 10
b. 14
c. 15
d. 20

In what year was the most
recent state adnitted to the
Union?

a. 1958
b. 1959
c. 1960
d. 1961

3




Experimental

Which one of the following animals
is NOT a vertsbrate?

a. Hmaing bird
b. Rattlemnake
c. Tuna fish

d. Earthwom

Which one of the following plays
was NOT written by William

Shakespeare?

a. Pygmalion

b. The Tempest

¢, Julius Caesar

d. The Merchant of Venice

wWhich ane of the following works
of art was NOT produced by
Michelargelo?

a. David

b. la Pieta

c. The lLast Sugper

d. The Sistine Ceiling

Table 2

Sxmple Test Items - Negative

Control

Which one of the following animals
is a vertebrate?

a.

Octopus
Starfish

Earthworm
Rattlaesnake

Which one of the following plays
was written by William Shakespeare?

a.
b'
c.
d.

Faustus
Pygmalion
The Tempest
The Crucible

Which one of the following works
of art was produced by Michel-
angelo?

a.
b.
Ca
d.

The Mona Lisa
Venus De Milo

The last Supper
The Sistine Ceiling
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Table 3

Sarple Test Items - (pen Stam

Experimental

Toe largest planet in our solar
system is

a, Qpiter
b. Heptumne
c. Urams
d. Saturn

Suffrage is the right to

a., petition
b. a=zsemble
c. worship
d. wote

Tne predominant religion in
Chile is

a, FPpiscopalian
b. Methodist

¢. lLutheran

d. Cathnlic
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Control

What planet is the largest in
our solar system?

a. Jupiter
b, Nentune
. Uraius
d. Saturn

Suffrage refers to what right?

a. To petition
b. To assamble
c. To worship
d. To vote

What religion is predominant
in Chile?

a. Fpiscopalian
b. Methodist

c. latheran

d. Catholic
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Table 4
Sanple Test Items - Situational

Experimental Control

If a 15-ounce bottle of dish- what is 1/15 of .9?
washing liquid cost §.90, what is
the cost: per cunce of the liquid? a., .04

b. .06
a, 4 ocents c. .10
b. 6 cents 4. .15
c. 10 cents
d. 15 cents
A student wishes to find informa- What material is ocontained in
tion in a library on the current the Readere' Guide?
state of the economy in the U. S.
which one of the following sources a. OCondensed novels
would be most useful in finding b. Famous quotations
this infonmtion? c. Dafinitions of words

d. Titles of magazine articles
a. An encyclopedia

b. The Readers' Gaide

¢. The card catalogue

d. An economics textbook

If a person planned a trip to What is the official language
Brazil, what lanquage ocourse would of Brazil?
probably be most useful to him or
hex? a. Spanish
b. English
a. BEnglish c. French
b. Spanish d. Poctuguese
¢. trench
d. Portuguese
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ANOVA Results - Proportions of

Table 5

Variance Attributable to various Sources

Situationa)

Between item contents

item groups
items within groups

Within item contents
test form
format (axp vs con)

Residual

Open Stem

Between item contents

item groups
itoms within groupe

Within item contents

test form
format (exp vs oon)

Residual

diff

.8403
.0617
. 7786

<0097
.0053
004

. 1500

aifg

<9551
.0939
.8612

.0003
L0001
. 0002

0446

R
.8379

L0927
- 7452

183

R
.5856
.0025
.5831

.0169
.0169
.0001

.3975

.6172
0434
.5738

L0642
L0642
.0000

.3186

Rl
.4806
.0048
.4758

.0566
.0389
0177

.4628

R11l

.6752
.0619
.6133

.0190
.0187
.0003

. 3058




AOVA Results - Proportions of

Table 5 (oontimed)

vVariance Attributable to Various Sources

Negative

Betvoen item contents

item groups
items within groups

Within item contents
test form
formac (exp v o)

Residual

Multifactor
Between item cont.uite
item groups
{tems within groups
Within item contents
test form
format (exp vs con)

Residual

*v < .05

aiee

. 1067
.0287
.6730

. 0685
0572
.0133

.2248

diff

.8591
.0007
.8584

.0110
<0000
<0l10*

<1299

RL

L7191
.0008
.7183

.0133
.0039
.0089

» 2676

Rl
.8671
.0098
.8573

.0093
Oomo
.0093

.1236
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.5578
. 0244
«93334

.0362
.0250
.0126

.4060

RLL

6440
0470
.5%170

L0347
.0264
.0096

.3213

RLL
. 4963
0257
. 4706

.0169
.0163
.0007

.4868

25
24
50

48

af
25
24
50

48
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Analysis of Variance Design

Figure 1

Exper imental Control
oontent 1 form A form B
item content 2 form A form B
1 * » s
xntent 13 fo;rm A foim B
oontent 14 form 3 form A
itom ocontent 15 form B form A
2 > * .
content 25 fo;:zn B form A
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1. INTRODUCT TOM

The purpose of this report is to define the components and anaiysis of
a mental measuremei.t wodel which way be uzed to analyze responses clansified
in one of several categories of the {tems of the measurszment instrument. Such
seansurement instrusents say be the usual testa or examiuations (with extendad
responne alterant iver) or quast lonnairea. This situation also covers performance

measurement when ¢ fs desired to have extended categories of correct or incor-
rect response.

To fulfiil the purpose we firat prasent sowme background material to the
approach we use to specify the model and its parameters. The sethod used to
estimate the parsmeters i{s developed as a generslization of a psychometric
estination procedure, called the Frequency Ratio Method, devised by tne author
for analyzing the Binary Response Neasurevent Model. Applications are suggested
and an example i Frovided.

II. BACKGROUND

2.1 1afluences >f C. Rasch, B. D. Wright and P. Blommers

After the publication of a new book by Rasch (1960) on messirement
modols, this work received little attention st measursment centers and univer~
sities of the U. S, axcept at the State University of Jlowa and the University
of Chicago.

Stoce Rasch's work was unique, interesting, provocative, and
useful, consldarsble speculation as to why the book did not generate more atten-
tion {s justified. The most spectacular aspect of Rasch's models wure their
“specifically objective” features meaniug, for exampie, that a person's ability,
a8 estimated from his vesponses, is indapendent of the items used to msasure the
ability, and the easinass or ditficulty of the items i{s independent of the popu-
lat{ons from which the persons are campled. Hence, Wright succinctly refers to

Rasch Mudels vith "Perscn free item measurement and item free person measurement.' .

The truth of this property has often been challerged, but most
challengers forget that these propercies are sasily proved mathematically and
are empivically true,

a. only 1if the data fit the smasurement wodel being tcsted, and
b. only ¢ithin measu.sment error of the statietice involved.

My chought on this issue is that many of the readers of Rasch's
work auffered from "Objectivity Shock” meaning that they did not considev
Spacific Objectivity poszible and put the book aside. MNeither Professor Ben
Wright of the University of Chicago ror Professor Paul Blommers c¢f the Univer-
ity of Iowa were greatly bothered by this probles dut did their owa research
in thio type of mossurement and encourcged Ph.D. candidates to do likewise.
This l:adership greatly popularized Rasch's work {n this country and served to
develop {t further. Wright aluo taught ccurses on Rasch NModele at professional
weetings. Most of Wright's wor} as well as that of his students dealt with
Rasch's achievemunt test model wvhereas Blowmer's students worked with that
mode]l an well as Rasch's sodals for veading speed and oral read’ng s.curacy.
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Wright and Panchapakesan (1969) developed en unconditicnal maximum likelthood
estimation procedure and computerized the analysis for the Rasch achievement
mnodel .

2.2 The Binary and Polychotomous Measurement Modcls

In most achievement and ability tests and examinations, the
responses to the tast items are classified into one of two categories--either
"correct” or "incorrect." This circumstance leads to a wetrological model for
analysis which may be termed a "Binary Measurement Model" or BMM. The BHM s
also called a dichotomous model. It is this model that Wright (1968), Rasch
(1960) and Moonan (1974) considered and provided different, but equivalent,
analysis for.

However, there are many other response situations that are useful
and must be accommodated and analyred. One of these occurs in achievement and
ability testing and gives rise to responses, classified by testees or psycho-
metricians, into one of sevaral (r>2) categories. This situation naturally
occurs in performance measurement and la sttitude, interest, and sotivation
surveys and in questionnaires. In sucli cases the Binary Response Measurement
Hodels (BMM) are not appropriate and a generalization is required. It is our
purpnse to defiue an analysis for such a model, called the Polychotomous
Responsc Measurement Model (PMM), in this report. S4ch models have been con-
sidered by sthers: Rasch (1961), Vogt (1971) and Anderson (1973). Andersun
nas provided a successful computerized analysis of tho PHM. This used a nevw
and very complicaied mathematicsl estimation procedure called "Conditional
Haximum Likelthood.”™ The approach used here is greatly simplified and is an
extension usaed by Moonan (1974) to analyze the BMN. Vogt made her analysis
vith unconditional waximum ifkelihood techniques, dut indicatad her aporoach
ves not entirsly successful (pexsonal communication). Rasch did not carry
the analysis of the PMM very far.

2.3 The Process of Meatal Metrology

We shall attempt now to outline the considerations believed
inportant for duveloping and analyzing a mental metrological instrument,

2.3.1 The Instrument Goal and Objectives

The first thing for the metrologist to do is to decide what

mentil quality or characteristic of parsons he desires to measure. Thio {s
called his "metrological goal" and fndicates the general property that the
instroment {s designed to measure. Other related sub-characteristics intended
to be also measured by the same device are called "objectives."

2.3.2 The Items and Their Punctions

The msasurement instrument may be thought of as a kind of
large "hurdle,” the success {n surmountiny of which by a person, measures his
skill at the task attempted. Rather than having one single hurdle it 1is
customary *or the instrument to have several, I, related emall hurdles, called
ftems, sach of which is designed to
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(a) elicit a pilece of relevant information, knowledge or
skill, or

(b) provide an indication of an attitude, interest, opinion
or judgment regarding a problem, situation or circumstance related to the goal
and objectives.

Each item is assumed to havs a property, symbolized by c(i), and called its
easiness (or difficulty, 1(1)). which characteriges the facility with which
the most favorable responfes to these items are evoked from persons in general.
Occasionally an item parameter, called the index of discrimination, is used in
the model. Both Schmidt (1969) and Wright (1968) have indicated that the use
of this {ndex in the model is fatal te the achievement of objectivity, so we
onit its considerstion in our system.

2.3.3 Responses - Free and Controlled

BEach {tem has associated with it, a single or set of R>2
teplies, called responses, appropriste to the problem or question posed by the
ftem. It is most efficient if these responses are indicated by the same
categories for each icem. Achievement or ability measuring {nstruments usually
have Binary Categories such as

(a) Currect and Incorrect; Re2

(b) True and Palse { Re2
{c) Yes and No ; Re2
(4) Right and Wrong ; Re2

Instruments measuring affect usually have either Polychotomous or Binary
categories such as

(a) like, indifferent, dislike 3 R=)

(b) stromgly agree, agree, undecided, discgree,

strongly disagree ; Rel
(c) approve, disapprove 7 Re2
(d) True, PFales ; R=2
(e) yes, maybe, no ; Re3
(f) eyvonym, antonym, neither ; Re3
(g) satisfactory, unsetisfactory s R=2,

Responsas to some item types are called "Free" {f this rep.y is uncontrolled

or not constrained in any way but may assume any form, character or specificity
including written or verbal phrases, or statements, or numerical celiulations.
On the contrary, controllied responses imply a set of categories, the rawe or
not for each item, into one of which the natural reply of the person to the
item may be classified or designated by the person or the psychometrician.
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The response categories are often ordered and assumed
ordersble on a scale of correctness, appropriateness, suitabilits, desireability
or some other quality appropriate to the goals and objective. This scale is
calibrated and a point for each response category is indicated by O(r) r«l,R.

WYe assume that the least desireable category is r=R for which 9(R)=C. is
assumption is made for both Binary and Polychotomous Response models. HBecause
of the importance of this assumption in our subsequent derivations we Jesignate
it separately from the text as

i1} 6(1) =1
o(R> = 0.

"t the dichotomous model the 0(r) are considered to be the obgervables X(n,j) =
0 or 1. Although this couid also be done for the polychotomous model where
X(n,i,r) represents the rosponse category ralated, we do not choose to do so
because we wisir to tdentify the response category parametars to be quantified
via analysis.

Early anzlysis in psychomotrics routinely made the assumption
given by (1). Since setrology wodels were not employed their only reason for
assuming (1) was "convenience". There {s, of course, a more profound and neces-
sary reason which we shall discover.

2.3.4 Person Parameters

Each peraon receives a "scoie" (to be definad later) on
the inwtrument from which a value, a(n), 2f the characteristic being measured,
may be cstfmated. The estimation of a(n) for person n is usually the single
purponc for the paychimetrician to administer the instrument to the person.
The a(n\ for some scores are non-estimatle, Were a person to receive the
"beat or werst” score that it is possidle t5 achieve on the instrument it would
not be aporopriate to estimate a(i) in either case because the i{nstrument is
either two aasy or difficult for such persons and the appropriate a(n; is too
uncertain., Consequently we assun (hat

1]

(2) a(n) for “"perfec.” or "zero" scores ig pon-estimable.

2,3.5 Psychowetric Models

We have noted the desircability of considering the parameters,

(a) Item parameters, c{1); = 1,X

(b) Responge parameters, O(r)ir = 1,R

(c) Person parameters, a(n);n = 1 N

A measurement model establishes a relation or relations
amonp the responses, X(n,i,.r), and the parameters of the wodel. If re},2«R the
wode]l is called a Binary Mecsurement Model, BMM. If R>2 the model {s called a
Polychotomous Measurement Model, PMM. Measurement models are of varying degrees

of complexity and form, see lord and Novick (1968), deparding upon the relstions
assumed and the number and nature of the parameters involved.
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2.3.6 ¥ode)l Analysis

hv—are

The measurement models form the desis for {iuding matiwates
of puramerers desivad o b~ estine -ed and foc aking a statisticsi rasc of
agreement betwsen the wadel an’ the recyponses. Model analysls mewns esiimating
the parameterz snd tesiing the agreessnt. fThe techniques for raking analyuyise of

measurement models {nciuden various statistocal and msihemstical procedures such
as

(a) luast squares
{b) conditionai and uncondqitional maxivum 'ikelihood
) simple statistical anairzie
(4} avalysie of vartance
{e) probability analysis, end
{f) algebraic analysis.
111, THE POLYCROTOMOUS MEASUREMENT MODEL (PMM)

3.1 0Odds and Ends

The odds the person n will respond to item { with response r is
defined to be

ne I,N
6(r) {e1,1
re=1,R

(3) 0(n,t,r) = [a(n)c(i)].

The aum of the odds for that peracn to make a respnuse other than v on {tem { {s
- | 3
(4) 0{n,t,r) = £0(n,s,k) kfr.
k
The {dea of developing measursusent models in probabilistic terma via expressions
for the odds of a specific response is due to Rasch (1969).
From elomentary probaoility thaory we know that 1f the odds for the
occurrence of an evant K are a/b, then the probability of the svent E i3
(3) P(E) = a .
a+d

Row let B be the event characterized im our notation by (n,i,r) and
congydar the odds rattio

6y 8. %Umir)
0(n,1,t)
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As the ratio of odds that person n will make vresponse r to item {
to the odds that he will make some other response to that item. The probability
of this event is, by (5), equal to

(7 P(a,i,r) = O(n,d,r) | O(n,i,x)
R O(n,1,.) °
L O(n,i,r)
T

This is a foom often assumed by other workers for the PMM. 'Wo could
have started here to satiafy those purists who do not bel.ieve we are jusuified in

applying (5) to (6) in orvder to get (7). It is more convenient to work with
probabilities than odds because the calculus of odds is not as well develaned as
the Theory of Probabilitics,

Note that our model is unidimensional in the scnse that we do not
have a separate dimension of ability and easiness for each response category as
was postulated by Anderaon (1973), and Vogt (1971). Such & multivariate model
may be useful, upon occasion, but is difficult to {nterpret ard use in practice
80 we do not employ it. Our problew is difficult enough without sucl, complica-
tions and we are content ot start with this assumption, vathes than, perhaps,
take it in the end anyway. The wultivariate parameters may he expressed as

0(k) (kY

- 0(%) and {c(1)]

(® la(n)] (%)

which, in our model and notation, are expressed as
®  nald = «®) = 8k)t(n) and 1n e(¥) = 00E() = t()

The problem with our =zimplification fa that it may be too simple
n wodel to adequately represent some sets of responss Gata. In that case the
regearcher should consult Anderson (1973) or use another approach guch as that
provided by Bock (1970).

3.2 Applying the Frequency Ratio Method to the PMM

In 1374 the author developed an analysis for a simpler model, the
aMM. This procedure {s called the Frequeacy Ratio Method because certain
probabilities, analogous to (7), were estimuted as objective probabilities
using obscrved frequenciee. We employ the same approach here since we believe
it to be castiar, and almost as accurate, ns the estimation preceduras nentioned
on page 5.

Cotisider now the four poasible events which can occur {f ~he pame
pervon n responds to ftems § and | with either response s or response r. We
have, since the responses are assumed independent, see (7),

(10) P{(n.i.s},(n,j.a)] . 9,,(“;1:5) * O(n,i,8) ,
O(n,i.') * O(ﬂ'j.’)
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(11) P{(n,{,8),(n,§,r)] = O(n,i,8) « O(n,j,x) ,
O(n,i,*) - O(D,j.')

(12) P[(noitr)t(nvjon)l = O(n,i,r) - G(aijl'l »

0(n,1,+) * Ofn,§.+) "9

(13) P[(n’itr)t(nvjor)] » O(n,i,r) - O(n,§,r) -
O(n,i,+) - O(nojv')

Using (3) we can expreas (11)-(12) in parametric teras with (14),
as (15) and (16).

(14) D(ivjn’) = O(n,L,*) - 0(n,3,*)

O(r)

(15 *l(r,1,8), (n, 3,001 = falm)e () 1% fam)e (1% bet,1, 9

16) P10, (0,3.0] = lae@® 1 e ¥ /b1,

It {s interesting and comforting to ncte that for the BMM with
9(s=1) = 1 and 6(r=4; = O expressions (15 and (16) agree identically with
equations (7) and (5) tn Mocman (1974).

The conditioual probaviiity that perscn n responds to item f with
response & given that he used both reaponses s and r for the two items i and
j s

(an Pl .8 [ {o, . 8)N(n,3,0) W0, 1,6)0(n,3,8)}] = ?Iéli T3] :

aluo

A8) L0 [ (1,0, 1) WG, £ (g0} = i

Simplifying (17) and {18) using (3) we nore that a(n) cancels
showing that the PMM has the same and usual property of objectivity that the
BM auwd other Raach models enjoy. This means that for response data sets
that it (7) the estimated parameters of c(i) and 6(r) sre iavariant estimares,

axcept for measurement error, indcpenduntly of the populations from which the
persons are obtained, and from which the items were selected.

We can rewrite (15) and (17) using (3) as

(19) Pliij R [5(1)10(’).(.:(3)19(!‘) , 1>
e 1P ey 2 e (9 1°®
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and (16) and (18) as

(20) [,13 . (e84 (e (3)1% . 1>
) 1@ e (3019 e 19130 e (1) 12

Note that (19) and (20) are independent of a(n) and their
denominators are identical. Using response data we can estimati ths proba-
bilities represented by (19) and (20; with observables. 1f we take the ratio
of (19) and (20) we gat the considevable simplification

1
(1) P r]. [e¢1))5(®)-8F)
] li (t(J))a(-)-e{r)

3.3 From Probability to Frequency

fet,

(22) [{i,s;},r) bz the cbsarved frequency with which parsons responded
to item { vith response s, and to item j with response r.
Simtlarly, wve define €(1,r;j,n) and g{i,§ir,0) = [(1,013,r) +
f(1,r;4,8)
Nov {1%9) eay be espirically estimsted by

(23) f(i.u;j.r)/c(i.tzr.-).
Similarly (20) is esiissted by

(28) !(t.rzi.-)/z(l‘J:r.u).
and hence 1) is simply «stimated by Lthe €requency ratio

(25) f(i.o;j.r)/&(i.r:}.c)

3.4 Ites and Response Paramcter Fstimation

Civen the rzeponse data the frequencies for all pairs ol items
and responscs may be essily tabulated. PFrom these data the fcequency ratine

(26) R(1,3) = £€0,80005) g0 155 = 1,4
f(1,r:4,8)

(2n R{3,1) = £(icrid,m) . 1.1:afre
f(i.‘;j.f) for i1 1,1,"? 10‘

and,

(28) R(1,1) =~ Blank. 165
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may be easily cowputed. We note that (26) estimates

e o o (PSR

(29) Ic(l))e(.)-e(r) . and (27) estimates
Le()18(#)=6000)
’ (30) ()28 o et
(c(j)lo(r)~9(u)
(31) &{s)-6(r) = Als,r).

We nov may express the natural logarithm of (29 and (30) as
(12) A(s,r)lnc(i) - A(s,r)loe(l) = InR{{,3),3>1, and

G1))] ~4(8,t)1nz’3) + Aln,r)lnc(d) = -1nR(1,§),1>}.

Now 1f we add (32) and (33) over { for fixed j, after adding
and subtracting d(s,r¥lnc{j) we get

ae Tl L

1
(34) ~Elal(1,3) = -T(1) = 1A(s,r)lnec(l) - A(a.r)glnc(j)

Ve wow mdke the final assumption for our method. For definite~ ;
nesas of the ¢(f) scale, we ansume that

1 1
(35) §ln¢(j) « Finc(i) =~ O,

From (34) we may row wiite
(37 t({) = -T(1) = A(s,r)inr(4). ;
I :
Bacause Als,¥r) fe a function of O{(r) and 0(s) we have difficulty

in esctmating e(4) explicitly from (37). PFortunately we foresaw this dif-
ficulty and made assumption {1). Setting a=l and r~R, then 8(s) = 1, O(r) = 0 ;

and A(m,r) » O(n) ~ O(r} » 1-0 = 1. Ve nov write (37) as %
(38) Ine(1) = t(1) , or :

i
(1% c(1) = ot

SNPINIE

fet the c(1) a3 eatinmated from response categories (1,k), kfR be
designated asn s(:). than by (9) we write

LTSRN

(40) ecX) = o(kutles. kALLR

i T2 € 2D el B

[P
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Pquation (40) enables us to estimate the response parameters
0(k) having first estimated the c{{) using data for response categories 1
and R. Since tais process may result in considerable estimation error we
will use an averaging process in practice, This will be Jemonstrated in
our cxamples.

3.5 Person Porzmeter Estimation

Our analvsis has shown the theoretical derivation of the
ftem parameters ¢ (1) ane the response parameters O(r). We nced next to con-

sider the estimation of a(n) for a person. To do this we introduce the con-
cept of a "score",

Let the vector of estimated responwe parameters be denoted by

O and i{ts transpose by 0, then
(41 6= (16(2),00(3), ... , 0)

and let Y be the "mcore vector” of integers y(k) tndicating the
number of *ie 1 fitoms responded to in the kth response category by the nth
pernon. Then

(42) Y o= (y(1),y(2), ... , y{k)), where
(43) Py =1
X

1f person n does not respond to all 1 {tems because of time or
other reasony, (4)) will not be strictly true. This does not bother our
theory, but werely extends the computations.

We nov define the "score"” of a person to b~
(44) S(n) = Y0,

This definitlion 1s congruent with the usual definition of scores
{n the Binary Model where the score is the number of correct responses. For
exanplo. suppose 1 = 20 and person n got 12 i{tems correct and 8 {tems incor-
rect. Then

(A5) S(n) = (xz,a)(g> - 12

In binary scorod tests the number of possible acores {s 141,
but for polychotomous tests the number of possible scores, even with (41),
can be very large. This number, S, is the total number of persutations of
vach part of the possible partitiona of 1, among R categories.

For example suppcse I»5 and R4, thesn the partitions of 5 that
are of Interest when Re4 are given bdbelow for the parts of (46). In this caose

S = AH1241244412412 = 56

Fov

%
o
a
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3000+
0509
0050
0005+
4100
4610
4001
1400
0410
0401
1040
0140
0041
1004

0104
004
110
3101
1130
1031
0131
1310
1301
031!

1103
1013

0113

Jo11l

¢ non-estimable

Pigure 1.

Possible score vectovs fo. the polychotomous

2111
1211
na
1112
3200
3020
3002
2300
0320
0302
2030
0230
0032
2003

situstfon vith (=5, A=4,
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0023
0203
2210
2201
2012
0221
0212
0122
1202
1022
2102

1220
2120
2021
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5'oio'o 2.1'1.1
(46) 4,1,0,0 3,2,0,0
3'1'1’0 znglgo

Permutiag each part of each partition among R=4 categories we
get the list of S=56 possible score vectors shown in Figure 1. We assume
here that (43) holds otherwiee the list is considerably larger.

In order tc estimate the a(n) associated with a given score
we find the a(n) for vhich the sum of (7), for response 1, over the items
which eusals the score, i.a.

(an i P(n,4,1) = S(n).

Equation (47) {s solved for a(n), recalling (7) and (3), by
fteraticn such as by the Method of Newton-Raphson. Accordingly, for eaca
acore vector of interest the associated a(n) may be determined. Notice also
that in this procedure no infrovmation regarding which {tems were responded
to in the =anner indicated dy the score vector is utilized.

In order to estimate the ability, a(n), associated with the
score S{n) for our model we write

I fa(m)e(t -

r

as the function upon which the est.mation of a(an) is to be based. Our prin-
ciple of estimation is that a(n) is to be derived by serting S(n) equal to
fta expectaiion in the modcl, This is accomplished by using (48).

Our problem is to find that a(n) that maximizes (48). This
problem {s efficieatly solved by using the Newton-Raphson method of finding
a root of an equation of the form f(x) = 0. To this end we rewrice {48) as

1
3 »
(49) =t — 2o sy - 0
Lixel{t)}
W+ start by guessing at the root, the guess being x = a(n) = x, =

$S(n)/[1-S(n)}, say. Suppove, however, that the root is actually x +h. ru.&
by Tayler's crlculus expansion of f(x), !

(50) f(ll+h2 - f(x,) + hf‘(xl) + ...

Our reasoning takes the following line:
1. The error of approximation to the real rcot s h.

2. The error is small enough to permit us to igunore the terms
{n the Taylor expansion in which "h" appears to a power greater than the firet.

J. We may therefore write, since the actual root ia (x,+h),
169
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(s1) 0 = f(x}) + hf°(x,) approximately.

The error is,
(52) h = -f(xl)/?‘(x‘) approximately.

The iterated use of this method gives the general formula for
the approximation to x as

(53) %ol " % T t(‘k)
f‘(xk)

This {terative procedure is eanily programmed for digital
computers once the derivative of f(x) has besn made explicit. Moonan and
Potterton heve done this at NPRDC. This subroutine can be used to develop
a tabls or individusl values of a(n) associsted wich scores S(n) given vectors
of valura for the c(i) and ©(r) for a particular measuring instrument.

3.6 Agreement Between the Model and the Response Data

We can nov assuse that we have respouse data for which the ftea
paramcters ¢(i) and the response paramsters 6{r) have been estimated. Ve
desire next to use these estimates to test {f the wodel, represented by (7),
agrees with the observed response data. This test is sometimes referred to
as a "Goodness of Fit Test™. The hypothesis tested is that the ftemo used
evoked responses from (he persons in accordence with the M. 7o make this
test wve use Pisher's (1948) x? goodness of fit tast. To this end consider

(54) ?(!S) = A matrix of the observed frequencics £(i,8;j,r) snd
f(i,r;3,0), defined by (22), and arranged in I rows
and 1 columns for fixed % and r,

For every pafr of { and j both (19) and (20) can be computud
with the parametric estimates ¢ (i) and O(r). When these are sppropriately
multiplicd by g(i,j,r,s) of (22) they provide expected froqueuclu5 under the
nodel, with which xi(l.J) may be computed and tabulated to get & x‘(1) for
¢ach item with I-R degress of freedom. This test also serves as a basis for
selecting items to include or not in the anzlysis. Sea Mronan (1974, p. 13).

Iv. APPLICATIONS

b.1 Applications to Ability Testing

Measurement of Abilitiecs with the BMM is common practice amd
need not be claborated upon here o1 iept to say that f{n this type of testing
binary respon3e categoriug are aften too restrictive. It would be better,
for scuwe purposes, If the response categories could be extended. Por
exasple in performance teating the sethod used to find an answer may be az
important as the answer itself. 1In svch a case four response categories may
be appropriate shich we diagram as follows:
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corre: t ansuver incorrsct unswer
correct method r=1 yr=2o0r3
{incorrvect method r=Zov 3 r =&

Whether the upper right cell or the lower left cell corresponds
tor = 2orr =3 my bs data depe.dent.

4.2 Applications to Attitude Estimscion

An attitude instrument is often designed to appraise s person's
favorablencss toward some institution, group or concept. Other tspes seasure
interests and sotivations., Often the response categories are poly-hotomous
and consist of prescaled atatemints indicating desrees of sifrifiance or a
status condition. These devices sesm most naturally to be sasly=ed with a PMM.

4.3 Applications o Surveyr and Questioanaires

If all or part of survey or auestiomnaire instruments seeks to
measure a unidiminsional proverty of persons and the responses can be trans-
formed or converted to the same set for each questisn, then the PMM is applica-
tie and the analysis given here is sppropriate. An example of thir i2 a survey
inatrusent designed to assess the guility of houses for the purpose of «stablish-
ing a value for sale or foxr insuraace. It seeme detter 2o establish the uniform
response categories a priori rather than go through a re-~-coding procees.

V. EXAMPLE

3.1 A Simulation Exsmple

ve have not yet compieted a computer program that carries out the
entire ?M{ anslysis. We expect to do this in the future. In the msuntime we
shov our procedure by means of a vory detailed example using simulated deta.
We organize tha computations in five phxsea, as foiiows:

Phase

I Deta Tabulations
(55) 11 2(1) Rutimaticn

11t 6(r) Estimation

1v Goodness of Fit

1 a(n) Estimetion

Each phase involves several ateps.

5.1.1 The Situation

Although real data for the PNN are plentiful we chose
to simulate the set we use here docause, in doing so, we would then know the
true viluea of the parameters we try to sstimate. The sdvautuges of this
practice are obvious.
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Jur simulation invalved generating R » & choice Teébonsas
toe sach of 1 < 5 items for B = 1000 perscns. The {tem parameters were

cfl) ~ 3.50 c(4) » .50
(36) c{2) = 2,00 €(5) = .286
¢(3) = 1.00

The response poramsters selected wers

57 8{1) = 1.000 G(3) = -.3162
9{2) ~ .3.162 8(4) = 000

The alpha parasctoers were obtained by adding lx‘ to a

fixed constant for different persons. z is & random selection from a normsl

distribution N{O0.1} and the constant was regularly wodified so as to simulate

parsons with differont leavels of ability,

Thua the aimmlation program could compute k=4 odds according
to (3) and hence X = § prelsbilitien a-cording to (7). These probabilities
could then be accumulated 2.4 a uniform .andom number vas generated and compared
with the accumulatnd respoaze probalifiitiea, From chis information a response
was deaigrated. This work wan repeated i ~» ¢ times for the came person and
N = 1000 times for ali persong in the sample. The regponse data and other
{nformation were punched on cards.

5.1.2 Data Istulatio:n

Assuming that the response: have besn recorded on optical
wark senme forms or have teen placed on Hollerith cards we generate the
froquencies in tadular form,T(19), showm in Pigure 2. WNotice the array of
froquencies piven in Pigure 2 “’ {5 doubly symsetrinal. The array consists of
blocks of rosponnes, B{i,}) to pairs of items § and j. Wirhin each block are
the freoguencica of response tipe to cach {tem pafr. For axampies, 63 persouns
reaponded ia the second category to the firat liex and {a ¢he third category to
the third itew, etc. The total pepularily of a response category 1s indicated
in blocks B(i,1). For example, the third category of the first item is
telatively unpopular,

The matrix T(?") is not required (o be printed but its
~onatructivn is required for nubuequent phases of our analysis. The construc-
tion of this table concludes Lhe Dats fakulation Pharze.

5.1 3 e(1) Fatimaticn

Corvesponding to (22 for # ~ 1 and r = &4 we construct (54),
P{{?). frow T({j). This t2 #asily done and produces

'

ot 1 2 3 &
1 - 83 126 163 1719

»las - 9 13 1

(58) rtdy - ¢ ? ’
3 &1 44 - 94 BA
4 a 27 43 - 55

b in 22 26 35 -
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According to (26) wa next find the frequency ratios in R({4,3j)

~N| 2 3 “ s
1 1.694 3.073 9.056 12.786
2 590 - 2,182 5.000  5.318
(39) R(1,3) = 4 325 .458 - 2.186  3.231
& 110 L2000  .4ST - 1.571
s 028 .18  .310  .636 -

The shew-symmciric satrix rejulting from taking logarithms
of R(i,]) by (32) and (33) ts

1 2 3 & 3
1 - .827  1.126 2,203 2,548
(6“) ‘,(1'1) - 2 "-527 - '780 106“ 1'671
3 1.12‘ ".780 - 0782 10173
4 -2,203 -1.609 -.782 - .492
5 ~2.548 -~1.671 ~1,173 -,492 -

Then according te (34), (37) and (39)

-T(4): 6,402 3,533  .051 ~4.142 -5.844

t(i): 1.280 ,707 .010 -.828 -1.169

c{i): 3.5%8 2,027 . 990 437 311

[tem Parameters: 31.500  2.000 1.000 . 500 .286

(61)

Notice that the {tew parameters and thair estimates ave in
good agreeneat. Thiz concludes the second phase of ¢(1) estimation.

5.1.4 0O(r) Estimation

Qur purpose now (s to estimate the 0(r) from (40). To do
this ve use the procedures of section 5.1.3 to estiwste the t(}) k = 1,4, This
vork has been cospleted and is summarized beiow:
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Susmary of the t(}) calculations for k = s = 2,3 and r = &

\\?55*~_g-2 k=3 a b

1 | .32 -.330 .2672  -.2578

62) 2 | .22 -1 3281 -,1598
3 | .03 .o || 7.3000 1.4000
4 |-.286 103 3430 -.1244
s |-.362  .324 3097 -.2772

According to (40) we estimate 6(2) and 2(3) by dividing
column 2 and 3 entries above by the t(1) values obtained at the end of sez*ion
5.1.3. This division gives columns a and b above. According to our simulation
columns & and b above show, embarrassingly, considerable variance from these
values. Column averages, omitting i = 3 estimates give 6(2) = ,3120 and
8(3) =-0.2048. Using these values the estimates of the response parameters are:

0(3) = -.20%
8(4) = 000

(63) ?(l) = 1.000
0(2) = .312

Where agreement with (5/), the parameters, is nothing to
write home atout even consideriag their questionadble estimation procedure. This
concludes the O(r) estimation phase.

5.1.5 Goodness of Fit Test

Our purpose i{s to use (19) and our estimates of ¢{(1i) and
G{r) to compute the expected frequencies corresponding to (51). FPFirst, however,

ve oblain G(14) as
\}\§¢ 12 3 4 s

13

1] - 132 167 185 193
2132 - 140 162 139
(64) @l ~3) 167 140 - 137 10

1] :
41181 162 137 - 90 *

571 133 139 110 90 -

For 1>§ use (20) for the lower segment of (65) and for j>i use (19) for the f
upper segment of (85). k
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2 3 4

1 - .6396 7842 .8917 .9204
2 . 3604 - .6719  .8226 .8670
k] .2158  .3281 - .6938 .7610
4
5
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(65) r(}g) -

R EAREE

.1083  .1774  ,3062 - 3842
L0796  .1330 ..390 .4158 -
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Hulziplying (65) element-wise by (64) we get a matrix of expected frequencies

PP '\WW-_NMWMWM
74
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E(%j) as 'i
. 5
i 2 2 3 4 5
1 - 8443 130.96 161.40 177.64 i
” 2! sy - 94.07 133.26 120.51 |
- Y
(66) B3 3| 36.04  45.93 - 95.05  83.71 3
& | 19.60 28.74  41.95 - 52.58 ;
S | 15.36 18.49  26.29  37.42 - [
We calculate x2(1,3) using (58) and (66) with (67) 4§
(67) 2,1 = [P(L,)) - z(a.m%u.n. 4
This gives ? ?
f %
\?‘44 i 2 3 4 5 A
1 - L0262 .1879 0157 .0104 i
2| o430 - 0396  .0227  .1022 4
(68) 3| .6826 .0811 - 0116 .COLC :
4| .1306 .1053 .0263 -  .1114 4
S| .0255 .6663 .0032 ,1565 - %
‘ We next add the previcus table sysmetrically to give (69) and then add across }
; the cols of (69) to give x2(1), L
{ 4
H b
i { r 2 3 4 5 x3(1) .
1 - .0672 .3705 .1463 .0359  1.1199 3
2| L0672 - .1207 1280 .7685  1.0844 :
(69 3| .8705 .1207 - L0379  .0042  1.033)
4 | 1463 1280 .0379 - .2679 .5801
5 1 .0359 .7685 .0042 .2679 - 1.0763
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The row totals are x?(i) with [-R degrees of {recdom and
scasure the it of each ftew to the midel (7). The critical point for
d.f. = 54 =1 and a = .05 is 3.841. None of the x2(i) even approach this
value, as expectel, siuce the data wcre generated from the model's equation, (7).
This conciudes the goodness of fit phase.

5.1,6 u(n) Estimation

See Section 3.5. This concludes the analysis for this
example.

$.2 A Questionnaire Example

Yollowing we provide a deacription of an intereasting and useful
situation te which the PiM and {ts anilysis could be applied, but cannot be
becauss the resporse data are hopelessly unobtainable from the NPRDC Magnetic
Tape library.

H. McDowell (1972) developed a series of questiounaires for ach
of seversl Naval ratings. The items of these forms were statemonts of tasks
vhich must be performed by Naval Perazonnel om active duty who wcre employed in
the rating. There were four responses for esch task which indicated how
independently, {f at all, each task was performed by the Naval person. The
respotises to euch task-item wera:

s. 1 supervise the performance of this task.
k. 1 perform this task.

¢. 1 assist in the performance of this task.
4. Thias task {s not performed in my duties.

it seems to this author that the variable which these questionnaires
cculd be thought to measure is "task-performance competency.” For data which
fit the model a measure of this variable could be constructed and applied to
Naval personnel who are actively, or not, engaged in the measured tvating. These
meusures would obviously be useful for advancement, assignment and re-assignment
decisions.

Although the survey data were useful and inforsative for othe-
purposes, they could have been of even griatsr benefit to ths llaval Parsonnel
Systes.

vI. SUMMARY

We have accomplished what was intended as stated in the ictroduciiom.
Specifically, we defined the responses, relevant parameters and measurement
situation related o a model called the Polychotomous Measurement Model. Both
the theoratical and numarical anslyses of the model were csrried out in detail,
Background material to, and applicstions of the model were provided.
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ENLISTED ARMY JOB EVALUATION METHODOLOGY
AND RELATED POLICY ALTERNATIVES

Raymond 0. Waldkoetter, Ed.D.

U.5. Army Research Institute for the Behavioral and Social Scienccsl
Fort Sill Field Unit
Fort Si11, Oklahom: 73503

INTRODUCTION

To develop a force structure or even a small organizational structure
there {s ordinarily a need to align duties by grade. This is a simple
matter of distinguishing responsibil‘ty and providing the best gradation
of skill and expected performance. As the Department of Army faces
changing personnel requirements {2 organizational design for particular
eissions and units and for comprehensive restructuring such as the Enlisted
Personne! Management System (EPMS) changes, there must be available a

vreliable and valid methodology to determine objective standards of grade
authorization,

Since the pay grade allocation for enlisted jobs (E-1 through E-9)
generally carries {ncrcasing levels of responsibility and opportunity, the
job requirement factors requirce accurate estimation and scaling to develop
pertinent grade standards., Job factors such as Knowlodge and Combat
Exposure are rated to fdentify the level of the factor teeded to expect a

job will have sufficient skill and authority invested to get *he desired
productivity.

The DA personnel analysts and various MOS job proponents and major
commanders have to have a methodology which can dependably fdentify grade
standards and which will relate te the total enlisted job structure. This
methodology has to compute grade optimally, but occasionally even must work

when grade is constrained to accommodate curtailed grade allocation to
satisfy grade ceflings.

t

The views expressed in this paper are those of the author and do not
necessarlly reflect the views of the Army Research Institute, the
Mili{tary Personnel Center, or the Department of the Army.
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